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Using Modern Knowledge to Teach 
Evolution in High School 


JOHN C. MAYFIELD, D. BOB GOWIN, and RICHARD BOYAJIAN 
The University of Chicago, Chicago 37, Illinois 


Introduction 


During the last thirty years the rapid ad- 
ince of scientific knowledge has substantially 
lie | the gap between high school biology 


ind biology as scientists see it. Professional 
ag. have become increasingly concerned 
that the high school course should be brought 


ip to d gi increasingly willing to partici- 
And, more and more 
high teachers of biology 
ave expressed dissatisfaction with their ow n 
preparation and with the quality of the ma- 


pate In its Improvement. 


frequently, school 


have for use in the classroom. 


terials they 

[hese common concerns of scientists and high- 
school instructors are the main justification for 
the experiences and suggestions recorded in 


this report. 

\s planning for the Darwin Centennial Cele- 
bration at the University of Chic: ago went 
forward, it became apparent that the Centen- 


nial would provide a unique opportunity to 
bring scientists and high-school teachers to- 
gether as one step toward closing the gap 


The 


agreed 


them in the area of evolution. 
Science Foundation (NSF) 
write the cost of bringing some sixty 
chool teachers to the Uni ersity campus 
for the five-day celebration, to constitute a 
“National Conference of High School B iology 
leachers.” Sixty-three members were selected 
for the conference from more than 260 persons 
nominated by directors of the 1959 NSF sum- 
The selection was made so that 
all parts of the country and various types of 


between 


Nationa 


mer institutes. 


schools would be represented. 

Ihe central feature of the Darwin Cele- 
bration was a series of panel discussions by 
noted scientists of five Issues in Evolution: 


|. The Origin of Life 


Il. The Evolution of Life 
Il. Man as an Organism 
[his report of the High School Conference of the 
Darwin Centennial Celebration, The University of 
Chicago, November 24-28, 1959, together with an 


ticle by Sir Julian Huxley has been published in 
pamphlet form and may be obtained from Professor 
Mayfield 


IV. The Evolution of Mind 
V. Social and Cultural Evolution 


The panelists included phy sical scientists, bi- 
ologists, and social scientists. Each one had 
prepared a special Centennial paper in line 
with his own interests and competence. ‘These 
papers were made available in advance to all 
the other panelists, and summaries were pre- 
pared for the audiences. Other features of the 
celebration included a convocation at which 
several honorary degrees were awarded, and 
a musical, “Time Will Tell,” based on the life 
of Charles Darwin and written especially for 
the occasion. The Centennial papers, addresses, 
and panel discussions are being published by 
the University of C hicago Press in three 
volumes under the title, Evolution After Dar- 

kach member of the High School Confer- 
ence read several of the Centennial papers, at- 
tended the panel discussions and other general 
meetings. In addition there were four special 
conference sessions. Two of these, which were 
open to other science teachers in the area, in- 
cluded talks by Edgar Anderson, Theodosius 
Dobzhansky, Sir Julian Huxley, Hermann J. 
Muller, George Gaylord Simpson, and Nikko 
linbergen. These men expressed their views 
on the teaching of evolution and discussed 
questions raised by the high school teachers. 
Ihe members met twice in smaller discussion 
groups to deal with the problems of teaching 
evolution. At the close of the five-day con- 
ference, each of the members submitted a short 
paper in which he summarized his view of the 
problems and suggested ways in which mod- 
ern knowledge ‘of evolution might best be 
utilized with high school classes. 

[he participating teachers may be assumed 
to be familiar with the teaching of evolution 
in representative high schools with respect 
both to attitudes and procedures and to the 
treatment of the subject in high-school text- 
Attendance at NSF summer institutes 
indicate a_ reasonable knowledge of 
general. Reading of the 


boc 
would 
modern science in 
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Centennial papers and attendance at the panel 
brought them into contact with 
scientists’ most recent thoughts on evolution 
and stimulated them to consider how it can 
best be taught to their students. Their papers 
should thus throw significant light on the 
present state of the teaching of evolution and 
how it may be improved. 

[his report is based on the papers prepared 
by members of the conference while they were 
in Chicago, the records of their 
and the salks made to them by bi- 
ologists. It presents the more important ideas 
expressed and the problems identified rather 
than a statistical summary or 
mendations agreed on by the members. As 
such it is hoped that it will be helpful to those 
who attended and to other teachers of biology 


discussions 


discussion 


sessions, 


a set of recom- 


Areas of Modern Knowledge for Use 
in High School 


A hundred years ago Charles Darwin sketch- 
ed out the major features of the evolutionary 
Marshalling the bi- 
ological knowledge of his time, and adding 
new information and new insight, this book, 
The Origin of Species, ultimately 
the scientific world that biological evolution 
had indeed occurred. The different lines of 
evidence for evolution which he presented a1 
still basically sound: domesticated plants aad 
comparative anatomy, 
geogr aphic distribu- 
I wentieth 


rocess. geologic al 


convinced 


animals, paleonto logy, 
embryology, taxonomy, 
and adaptation. The early 
Century saw his erroneous concepts of the 
heredity and heritable variations 
his central idea that evolution 
result of variation and natural 
unchanged. During the last 
frontiers of evolutionary 


tion. 


nature of 
corrected, but 
occurs as the 
selection stands 
thirty 
know ledge have advanced in several directions, 
some of them only vaguely hinted at in 1930. 
Speculation and hy pothesis based on the new 


vears, the 


knowledge have reached even further. 


When our 
examined, 
not kept up with advances in biological know! 
edge. Textbooks are badly out of date. Some 
treat the subject of evolution inadequately, and 
Many teachers, even 


high school biology courses are 


becomes obvious that they have 


some do not treat it at all. 
those who were at one time adequately trained, 
have not followed the newer developments. 
With these inadequacies apparent, two ques- 


What are the main areas of new 


tions occur 
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knowledge from which our courses should 
draw facts and ideas for te: aching evolution jn 
What are the directions in which 
know ledge is now growing most signific: antly? 
We have not attempted to present here a 
knowledge. For such in- 
formation should be made to the 
Centennial publication, Evolution After Dar- 
win, and to other books listed near the end of 
this article. Instead we have indicated those 


areas from which new material can be drawn, 


high school? 


summary of the new 
reference 


emphasizing the ones which mermbers of the 
High School Conference felt had the greatest 
potential value. It must remain for energetic 
and up-to-date teachers, with the help of sci- 
entists, to select and try out such parts of the 
seem to have educative 


new knowledge as 


value for high school students. 
One of the 


is the chemical nature of 


areas tor attention 
living matter and of 
life processes. Miuch has been learned about 


outstanding 


the complex enzyme systems W hich participate 
in synthesizing and utilizing the materials of 
life and strikingly similar in all 
organisms from the lowest to the highest. The 


which are 


chemical nature of genes is being gradually 
unravelled through study of the heredity of 
bacteria, through investigations into the con- 
tent 


study of 


and behavior of viruses. throt oh chemical 


DNA 


constituents of viruses 


(deoxyribonucleic acid, one 
of the key 
and through relating specific enzymes to mu- 


and genes), 


tations of gvenes. 
Another area, 
which is receiving much 


organic origin of organic compot nds and the 


first. 
attention is the pre- 


closely related to the 


possibility of the spontaneous Origin of life 


. Much of 


the thought in this area 1s highly enue 


( biopoesis ) on this and other pl: ine 


but experiments have shown that substances 
as complex as amino acids and combinations 
ap plying the 
ultra-violet 
light to simple inorganic substances believed 


of them be produced by 
enerey of electrical dise harges Ol 
have been present on the earth millions of 


vears ago. The concept of natural selection has 
applied to highly 
with the that the 
photosynthetic pigments and DNA might have 
come about in Statistical 
studies of the number of stars in the universe 


and the probable number of planets around 


been complex molecules 


conclusion formation of 


some such way. 


along with modern estimates of the age 
lead to the 


them, 


of the conclusion that 


universe, 
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similar types of creation may have occurred 
many times. 

Although knowledge of paleontology was 
one of the primary stimuli leading to the 
concept of evolution, gaps in the fossil record 
are being steadily narrowed by new finds. 
[These include additions to plant and animal 
collections, but those having to do with man 
have attracted much recent attention. Africa 
has been the source of many human and sub- 
human fossils which help to reveal primate 
relationships. The more complete fossil rec- 
ord is leading into study of the ecology of 
human evolution. New methods of dating and 
the wider application of older methods are 
developing more accurate indications of the 
time which has been available for evolution 
and of the age of various groups of 
organisms. 

Darwin's bold outline of the general method 
of evolution is today being filled in with more 
and more details. These details are found in 
the origin and fate of mutations, in a multitude 
of observed cases of selection, in the genetic 
constitution of populations, in the changes in 
popul: itions even from season to season, in the 
effect of chance on evolutionary change, and 
in the patterns which the process seems to 
follow; ¢.g., stabilization of forms with types 
of reproduction which prevent variation over 
long periods followed by break- throughs in 


to occur 


which there is rapid change. Even though 
much knowledge is available in these and 
similar areas, scientists are in doubt about many 
aspects of evolution, and these doubts lead to 


These doubts and differ- 
ences themselves are a source of teaching ma- 
terial if we hope to reveal to our students the 
nature of science and of scientific progress. 


differences in views. 


It was indicated above that know ledge of 
the physical evolution of man and of the fac- 
has been increased by recent 
finds. Other problems under intense 
study deal with the development of man’s 
brain and intelligence and the part which 
og have play ed and will continue to play 

1 his evolution through the culture and so- 
ciety which they produce. Here biology 
merges with the social studies, and these two 
areas may well share responsibility for the 
selection and use of modern knowledge. 

Man’s control over his environment has led 
to greatly increased human survival rates and 
thus to ar apid increase of the world’s popula- 


tors involved 


fossil 
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tion. How knowledge and intelligence may be 
applied in dealing with this population increase 
and with man’s further evolution constitute 
questions appropriate for consideration in bi- 
ology courses. 

Implicit in this brief sketch of the source 
material available for organizing the modern 
study of evolution is the idea that evolution 
by variation and selection is a concept which 

can be applied all the way from the formation 
of the first organic molecules across the world 
of plants and animals to the physical and men- 
tal development of man and even to his society 
and culture. Realization of the broad usefulness 
of this concept was, for many members of the 
High School Conference, an outstanding prod- 
uct of their participation in the Darwin Cen- 
tennial. 


Objectives of the Study of Evolution 


Merely to tell students the “facts” of evolu- 
tion, either orally or by means of the printed 
page, and to have them repeated as told, a 
accomplish the purposes of teaching to only : 
small degree. Indeed, it is likely to tose Bo 
with some of the kinds of grow th we wish to 
bring about in our students. As biology teach- 
ers we must therefore have clearly in mind 
those changes in thinking and attitudes which 
we wish to produce. Of course, we cannot 
expect these changes to occur to the same 
extent in all students. The outcomes selected as 
desirable are the ideal ends of our teaching; 
for our own morale we need to think of them 
as directions of growth. Yet by thinking of 
them in this sense we must not be led to take 
an easy-going attitude nor to neglect those 
objectives which are less tangible than the 
memorization of factual statements. What, 
then, are the central objectives in teaching 
evolution? 

In the first place, and as means of attaining 
other ends as well, we seek to dev clop in stu- 
dents a basic knowledge of evolution. This 
includes an understanding of the biological 
meaning of the term evolution and of. the 

various lines of evidence supporting the con- 
clusion that it has occurred. To be functional, 
this knowledge requires as its foundation a 
considerable understanding of the physical and 
chemical nature of living things. Beyond what 
is usually considered biology, students should 
gain some understanding of current views of 
inanimate evolution and of the evolution of 


|| 

on- 
iCa 
ne 
hu 
rst, | 
re 
tne 
life 
ol 
ve, 
Ces 
ms 
the 
let 
ed 
or 
has 
les 
of 
ive 
cal 
rs¢ 
ind 
hat 


408 ANIERICAN 
languages and cultures. Just as Darwin found 
it necessary to support his view of the exist- 
ence of evolution with a mechanism by which 
it could have come about, we must seek to 
develop in our students a reasonable under- 
standing of the main factors in the process and 
the way they work together to bring about 
changes in structure and function. F 
Properly taught, the knowledge which our 
students gain should produce in them a sense 
of the universality of evolutionary 
from the pre-biological molecular 
through the pre-human world to man with his 
phy sical, mental, and socio-cultural develop- 
ment, thus integrating the physical, biological, 
through history, the 


processes, 


level 


and social sciences, and, 
humanities. This sense of change 
“habit of thinking of reality in terms of proc 
ess,”? rather than in terms of static situations. 


le: ids to the 


The person who has acquired this habit real 
izes that evolution is constantly going on all 
about him. Out of this study should also de 
velop an appreciation of the accomplishments 
of evolution in bringing about the fine adapta 
tions of plants and animals to the many living 
and nonliving aspects of their environments, 
and of the practically incomprehensible span 
of time which has been available to bring about 
these adaptations. 

By learning how our knowledge of evolu 
tion has developed and how many problems 
are still unsolved, students should ‘develop an 
increased grasp of the nature, 
limitations of science and scientific 
Accompanying this understanding 
come an increased desire to use scientific meth 
od wherever it is applicable. 

Knowledge of evolution will not 
accomplished its full educative effect on stu- 


pow ers, and 
method. 
should 


have 


dents unless it is accompanied by increased 
ability to see, the world about them, prob- 
lems of ie a fact related to this area, 
and to use their knowledge in thinking about 
such problems. [hese problems range from 
those involved in the adaptation of bacteria 
and insects to new drugs, to those connected 
with the growth and control of human popu- 
lations. 

Finally, and probably most important, the 
study of evolution should be so conducted : 

leave the student with increased and con- 


‘Sir Julian Huxley, 
00! 


“Evolution in the High School 
IXVII, Summer, 1960, 


Curriculum,” Review, 


p- 167. 
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tinuing interest in the area. 
extend his acquisition of current know ledge 
beyond that presented in school and will fol- 


As a result he wil] 


low new developments as information about 
them becomes available. 


Teaching Evolution to Promote Growth 
in the Desired Directions 


It has become trite but no less true to sa\ 
that evolution is the greatest unifying concept 
in biology. 


Incorpor: ited into a person's 


thought system, it modifies his way of looking 
all biologic ul phenomena. ‘Thus, if one has 
really changes his 


way of thinking about each topic or unit ina 


acquired this concept it 


biology course. Because of these facts several 
of the 
ference 
all th 
limiting its consideration to one unit 


reat biologists who spoke at the con- 


oO 


were strongly in favor of teaching 


rough the biology course in- 
stead 
neal a end of the course as is so commonly 


done. For Sir Julian Huxley said, 


“It is a shame... . that evolution has not been 
allow ed to take its sen in education, both 
an important single subject and as an organ- 


izing, centr: izing, unifying idea.”* Later G. 


G. Simpson said, “We give a false picture if we 
teach evolution only ina single chapter of its 
own.” Most of the teachers present felt that 


evolution should be taught throughout the 


course, but a few were doubtful ot the wisdom 
of doing this. It seemed unwise to the latter 
group to introduce the gee at a time when 
little | and to 


authoritatively having 


the students know very 10] ogy, 


begin using it before 
introduced their students to the idea gradually 


and inductive ly 


[here was gener: il agreement that, in teach- 


te use should be made of 
experiments that 


Ing evolution, 
modern observations and 
illustrate and clarify the process. Frequently 
mentioned were the Miller-Crey experiments 
formation of acids and other 


in the amino 


organic compounds from simpler substances 


by electrical discharges. 


the development by 
bacteria of resistance to viruses and to anti- 
biotics, and the development of industrial 


melanism in moths. However, there is still 
recognized need for practical classroom exper- 
iments and observations which illustrate the 


process effectively and correctly. 


ibid, p. 164. 
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The organization of the Centennial empha- 
sized a unified view of evolution from the 
nonliving world through the world of biology 
into the world of the social sciences. In gen- 
eral, the teachers attending the conference 
were quite willing to admit that evolution of 
a kind occurs in all these areas. However, most 
of them felt that they have quite enough to do 
if they deal briefly with the possibility of the 
chemical origin of life and do an adequate job 
of teaching evolution as it applies to the plant 
and animal kingdoms. They are willing to 
note the connection between man’s intelligence 
and ma dexterity and the evolution of 
culture but they prefer to leave 
detailed work in these areas to teachers of the 


nual 
and society, 


social sciences. 

Members of the conference were strongly 
impressed by the scientists’ complete accept- 
ance of evolution as a fact, by their willingness 
to say, at many points, that they did not know 
enough to answer their own questions, and by 
their friendly but pointed disagreement about 
some conclusions. They felt that communica- 
tion of such attitudes to their students is very 
important. In this way and through 
study of the history of the evolutionary con- 
cept, they could help students grasp the open- 
ended, inquiring aspects of the scientific enter- 


prise. 


some 


Problems Involved in Teaching Evolution 
in High School* 

In spite of enthusiasm gener: ated by the at- 
mosphere of the Centennial Celebration and 
contact with so many scientists seriously con- 
sidering what is known and what is unknown 


about evolution, the members of the con- 
ference recognized that, if American high 


are to do an adequate job of teaching 
this subject, a number of serious problems 
must be solved. First and foremost is that of 
helping teachers obtain adequate and reason- 
ably up- to-date knowledge in the area. In 
spite of the recent publication of a number of 
and magazines articles and the 
opportunity to attend summer institutes, many 


schools 


good books 
teachers seem satisfied to depend on know ledge 
remaining from their college courses of years 
ago and on the often inadequate content of 


See also David C. Evans, “Problems of 
Evolution in the Secondary Schools,” The 
Biology Teacher, XXU, 221-3 (April, 1960). 


Teaching 
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high school textbooks. Frequently their knowl- 
ec ige from college course work has been defi- 
cient in the area of evolution, especially for 
the large number of biology teachers who did 
not specialize in biology in college and for 
those trained in colleges where there is reli- 
gious Opposition to the idea of evolution. 

It has already been pointed out that high 
school textbooks are notoriously inadequate 
in their treatment of evolution Frequently 
they avoid the subject or treat it under some 
less controversial heading. Even when the sub- 
ject is treated openly, the use made of modern 
knowledge can seldom be considered ade- 
quate. Where teachers wish to supplement 
the textbook they find it impractical to 
obtain suitable reading material for all their 
students. As a result, teaching that can be 
considered adequate from a modern point of 
view often becomes very difficult, if not 
impossible. 

Enthusiastic teachers propose that, with the 
help of scientists, they urge publishers to pro- 
duce textbooks that treat evolution openly and 
adequately. They also suggest that teachers 
who believe in teaching the “subject make spe- 
cial efforts to obtain positions on textbook 
selection committees and work for approval 
of the books that treat the topic most suitably. 

Even when the teacher is well prepared and 
there is appropriate reading material on evolu- 
tion, other, traditional topics fill the time and 
crowd the unit or chapter on evolution to the 
end of the course and, often, entirely out of it. 
Careful evaluation of the relative importance 
of traditional biology content is in order. Time 
for a more thorough treatment of evolution 
may well be found by discarding much of the 
usual descriptive material which is not truly 
illuminating for students, as well as much non- 
essential terminology. At one point Professor 
H. J. Muller said, “We have dosed our pupils 
far more today than we should. Technical 
terms seldom need to be taught. They detract 
from the understanding of process. Let pupils 
see the forest instead of too many trees.” Just 
which traditional material is least valuable and 
which technical terms are least significant and 
useful are problems for long-term investiga- 
tion. It is to be hoped that the Biological Sci- 
ences Curriculum Study now under way will 


See H. J. Muller, “One Hundred Years Without 
Darwinism Are Enough,” School Science and Matbhe- 
matics, LIX, April 1959, pp. 304-316. 
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make significant progress toward their solu- 
tion. 

\ gg which is more serious and less 
susceptible to systematic attack is that raised 
by religious opposition to the teaching of 
evolution. 
some religious groups may consider such op- 


However unjustified scientists and 


position, it is wide- spread and effective. It is 
firmly rooted in an essentially anti-scientific 
approach to the natural world, and is sup- 
ported by law, by school boards whose mem- 
bers agree with the opposition, and by school 
administrators who dare not permit the use of 
controversial material in their 
result effective study of evolution is prevented 
in many communities. By interfering with the 
sale and use of textbooks it, 
those that are most widely used. Colleges that 
are controlled by anti-evolutionist groups may 
not deal with evolution in their own biologic: il 
courses, especially in those general education 


schools. \s a 


in effect. censors 


courses most apt to be taken by future teach- 
ers. Thus the opposition also interferes with 
the development of teachers who are con- 
vinced that evolution is a fact rather than an 
invention of the devil working through irreli- 
gious scientists. 
Teachers who believe that the study of 
evolution is an essential part of the modern 
high school biology course propose a number 
of modes of action to overcome opposition to 
teaching it. | he more optimistic propose wide- 
spread efforts to convince the public of the 
truth of evolution. They talks to 
community groups by scientists and teachers, 
student-led ae a before such groups, 
articles in widely-read periodicals, 


suggest 


More 


popular 
and other similar approaches designed to 
change the views of citizens. Others advocate 
adapting the classroom ap proach to the school 
and community situation in at least three dif 
ferent ways: (1) Point out to students that 
while some people, including perhaps some ot 
them, do not accept the idea of evolution, it 
an intelligent person to know 


is important for 
without neces- 


what others believe and why, 
agreeing W th them; 
» plants and animals but stop 


dey clop 


sarily (2) teach evolution 
as applying 1 
short of man, er leave students 
their own 
versality of the 


_ private opinions as to the uni 
process; (3) teach evolution 
under the name of 
“development,” 


term. Some teachers consider the second and 


“biological change” or 


thus avoiding the controversial 
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third methods essentially 
suited to a science course. Others feel that the 
name used is unimportant, and that it is the 
ideas that are None of these 
approaches really solves the problem and there 


dishonest and un- 


essential. 
seems little doubt that many biology teachers 
must continue to live with it. 


In connection with religious attitudes to- 


ward evolution, there was general agreement 


among the members of the conference that, 
where students are emotionally convinced that 
one cannot accept the idea of evolution and. 
and in 
God, teachers are obligated to move carefully 
and with all due $ 


at the same time, believe in the Bible 
consideration for the emo- 


tional welfare of their students. 

Phe last major problem to be mentioned is 
that of the 
turity of 


and educational ma- 
students. To feel the 


intellectual 
high-schoo!] 
force and illuminating value of the modern 
concept of evolution, they need considerable 
factual both biology and 
chemistry. Further, it may be argued that 


maturity 1s 


background in 


a certain degree of intellectual 
required (1) to find interest in consideration 
of such a broad concept, (2) to understand 


how the facts of biology lead to the con- 
cept of evolution and convince scientists that 
it is itself one of the facts and (3) to grasp in 
significance of. the 


\Wirhout 


evolution 


any reasonable deeree the 


concept in other areas of biology. 


such background and maturity 


apt to be taught as 1 dogma for acceptance 


without intellectual examination. To what €x- 
tent this ts desirable is somewhat p ‘oblematical. 
should be so taught in the 


It IS possib le t hat 
rrades of the elementary school and the 


upper g 
lower grades of the high school leaving criti- 
cal examination of the concept and its basis 
for a later time. One serious difficulty with 
this plan is that those who have no further 
contact with never 


formal biology are apt 


to make that critical examination. 

Changes now going on in the placement of 
rather than 
the problem of stu- 


science courses tend to increase 
decrease the intensity of 
dent maturity. Traditionally 


1 tenth-grade subject, usually pre ‘ceded by a 


biole 1 has been 


vear of general science in the ninth grade. To- 


day, biology ts rapidly being moved into the 


ninth ind whatever eeneral science 


instruction can be counted on is that which 


earlier grades. Thus, both the 


occurs in the 
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amount of scientific knowledge and the level 
of maturity of the students are likely to be 
somewhat lower than in the past. On the other 
hand, there is some evidence that we tend to 
underestimate the extent to which boys and 
girls can grasp scientific Concepts Ww hen they 

are properly presented. This may be true of 
the concept of evolution. C ‘ertainly this is open 
to investigation. Vigorous experimentation 
should be instituted at once to determine 
which aspects of evolution can be taught effec- 
tively in the high school biology course and 
which should not be attempted. 


Summary 


Knowledge of biology related to evolution 
has developed rapidly during the last thirty 
years. Probably the outstanding advance has 
occurred in the area of biochemistry, in 
knowledge of such things as the chemical 
structure of genes and the chemistry of me- 
tabolism _ Much thought and some experimen- 
tation has also been given to the possible origin 
of life from organic materials formed in an 
early period of the earth’s history and in other 
solar Many new fossils have been 
found to narrow the gaps in the story of life. 
Phe actual processes of evolution among livi ing 
organisms have been widely analy zed, ob- 
served, and experimented with. 

Knowledge of the phy sical development of 
man as recorded in fossils has increased great- 
ly and there has been much study of the brain 
and of the evolution of cul- 
ture and society. And there is much concern 
about the use of human intelligence for direct- 
ing and controlling future changes in human 
populations. 


stems. 


and intelligence, 


In considering how to select and use modern 
ledge in teaching evolution, those ans 
of education that lie beyond the memorization 
of information and scientific principles must 
always be kept in mind. True education calls 
for growth of insight and changes in attitude 
as well as the development of new and more 


mw 


mature interests. In the light of these goals, 
careful consideration must be given to the 


way in which the concept of evolution is to 
be introduced and used in high-school biology, 
it is to be taught and used —— 
out the course, or whether there should be 

major unit which develops the concept “i 
after which it is used and 
it is taught, modern 


whether 


the evidence for it 
applied. Whichever way 
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biology needs to be searched for observations, 
experiments and concepts useful in teaching 
the topic to high-school boys and girls. Con- 
sideration should also be given to relating 
classroom biology to the study of culture, so- 
ciety and psy chology in social science courses. 

Opportunities for improving the teaching 
of evolution are matched by serious problems. 
A high percentage of teachers need additional 
know ledge. Reading materials for high-school 
use are inadequate and outdated. The biology 
course is already crowded with content. Many 
high school students lack the conceptual back- 
ground and maturity to consider evolution as 
an intellectual problem. And, most serious of 
all, in many communities the topic is a con- 
troversial one, highly charged with emotion. 
In communities where this ‘problem exists the 
biology teacher’s combined responsibility to 
science, to his individual students, and to the 
community is very difficult to carry out. 

Scientists and teachers alike have a heavy 
obligation to bring modern knowledge of evo- 
lution into the high school classroom and, 
by careful investigation, to determine how best 
to use it in developing a more accurate view 
of man’s place in nature and of the human 
problems which the concept illuminates and 
may aid in solving. In this report are recorded 
what seemed to members of the High School 
Conference the main opportunities and the 
main problems we face in meeting this obliga- 
non. 


Modern Readings on Evolution 


The following list of books has been pre- 
pared for teachers and others who may wish 
to renew their knowledge of evolution. It in- 
cludes readings at a variety of lev els, a number 
being suitable for use by high school students. 
See also recent volumes of the Scie utific Amer- 
‘can for a number of helpful articles. 


Andrews, H. N., Ancient Plants and the 


World They Lived In, New York: Com- 
stock Publishing Co., 1947. 
Blum, H. F., Time's Arrow and Evolution. 


New York: Henry Holt and Co., 1951. 
Carter, G. S., Animal Evolution. London: 
Sidgwick and Jackson, 1951. (Intermediate 
level textbook.) 
Clark, W. FE. Le G., The Fossil Evidence for 
Human Evolution. Chicago: The University 
of Chicago Press, 1935. ; 
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Chicago: 


Darwin, Charles, The Origin of Species. New 
York: New American Library of World 
Literature, Inc., (Mentor Book No. MD 


» 


222) Various other editions are 
Dixon, M., Multi-Enzyme Systems. 


available. 
London: 


Cambridge University Press, 1949. 
Dobzhansky, Th., Evolution, Genetics and 

Van. New York: John Wiley and Sons, 

Inc. 1955. 

-——, Genetics and The Origin of Species 

(3rd Ed.) New York: Columbia University 

Press, 1951. 
Hardin, Garrett, Nature and Man’s Fate. New 

York: Rinehart Publishing Co., 1959. 
Howells, William, Mankind in the Making. 


New York: Doubleday and Company, 1959. 


Huxley, J. S., Evolution in Action. New York: 
Harper and Brothers, 1953. Also Mentor 
Book No. MD 204, 1957. 

Evolution, The Modern Syuthesis. 
New Wout Harper and Brothers, 1943. 

Lack, D., Darwin’s Finches. London: Cam 

bridge ( niversity Press, 1947 


Mavr, E., Systematics and the Origin of Spe- 
ies. New York: Columbia University Press, 
1942. 

Meggers, Betty J., (ed.), Evolution and An- 


thr ashington, 1). Lhe \n- 
1 Society of W ashington, 
19 


P. A.. Introduction to Evolution. New 
York: Harper and Brothers, 1953. (Inter- 
mediate level textbook. ) 

Moore, R.. Alan, Time, and Fossils. New 
York: Alfred EF. Knopf, 1953. 

Oparin, A., Origin of Life on the Earth, 3rd 
Ed. New York: Academic Press, 1957. Also 

Dover Book. 

Pfeiffer, John, From Galaxies to Man. New 
York: Random House, 1959. 

Redfield, R.. The Primitive World and Its 
Transformations. Ithaca, New York: Cor- 
nell Universitv Press, 1953. 

Roe, Anne, and Simpson, G. G., (eds.) Be- 
havior and Evolution. New Haven: Yale 
University Press, 1958. 

Romer, A. S., The Vertebrate Story (Revised 


and the V etebrate s) Chi- 
of Chicago Press, 1959. 
Oxford Uni- 


edition of Man 


cago: University 


Horse | ,ondon: 


1951. 


Simpson, G. 


versity Press, 
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—————~—, Life of the Past. New Haven: Yale 
University Press, 1953. 

—————~, The Major Features of Evolution, 
New York: Columbia University Press, 
1953. 

——————, The Meaning of Evolution. Ney 
Haven: Yale University Press, 1949. (Also 
Mentor Book No. MD 60.) 

Simpson, G. G., C. Pittendrigh and L. H, 


Introduction to Biology, 


Harcourt, Brace and C ompany, 


liffany, Life: An 
New York: 


1957. A college-level textbook by three lead- 


ing biologists in which the authors have 
“tried to make evolution as pervasive as it 
really is in the world of life.” 

Smith, J. M., The Theory of Evolution. New 
York: Penguin Books (No. A 433), 1958. 

lax, Sol (ed.), Evolution after Daravin, 3 
vols.: The Evolution of Life; The Evolution 
of Man; Issues in Evolution, Chicago: Uni- 


1960. Publication 
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versity of 
of the 
tennial Celebration, 
Leilhard de Chardin, 


Chicago Press, 
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Pierre. 


of Man. New York: Harper and Brothers, 
1959, 

Waddington, C. H., The Strategy of the 
Genes. New York: The Macmillan ( ompa- 
ny, 1957. 

White, Leslie A.. The Evolution of Culture. 
New York: McGraw-Hill Book Co., 1959, 
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Alfred Russell Wallace-Evolution’s 
Forgotten Man 


FLORENCE MOOG 
Washington University, St. Louis, Missouri 


The vear 1959 was observed widely as the 
Darwin Centennial, the 100th year since Dar- 
win's great book, The Origin of Species, first 


12, 1859. In England 


appe: ared on November 
other countries 


in the United States, in 
throughout the world, 

memorate this event, to celebrate it sometimes 
and 


many 
people paused to com- 
with elaborate ceremonies. 
Meanwhile the presses poured out new books, 
Darwin, about Darwin, about his friends, 
contempora ‘ies, his 
achievements. And no one can claim that this 
commemoration—the adulation, almost 
overdone. For the publication of The Origin 
Species one of the greatest events in 
man’s intellectual history. By its timing, 
content, its style, this book with one blow put 
an end to the old primitive poetic dream that 
man is God’s special creation- his chosen ani 
mal—and showed us what our place in nature 


pr yOTAMS 


by 


his predecessors, his 


Was 
Was 


of 
its 


truly is. 

Yet the date of that publication 
irles Darwin’s. Had the matter 
been left up to the Centennial Year 
would still be in the future. Nor was the book 
know as The Origin of Species the 
book he had intended to What he 
would have written, had the choice been left 
to him, we can only speculate about. We can 
that it have been a 
and being longer, it might 
‘the Ori: gill Was a 


18S59—was 


no choice of Cl 
him, 


that we 
write. 


be pretty sure would 
much longer book. 
have been less widely 


best seller in 1860—and so it might have been 


read 


less influential. 

It is not that Darwin was unprepared to 
write his book in the late 1850's. He had been 
gathering the information and formulating the 
i : 20 vears. But despite the 
“who knew the im 
doing, he hesitated 
IL his is not very 


ideas for more than 
urging of his friends, 
portance of was 
to put his work on paper. 
strange—Newton similarly hesitated for 
before completing the that 
tionized the science of phy SICS. ‘pens forced 
Darwin’s hand was the arrival of a letter and 
a few pages of manuscript “postin a man whom 


what he 
years 


work revolu- 


he had met. [The man of course 
Alfred Wallace. The little manu- 
script—it runs to about ten printed pages—was 
entitled, “On the tendency of \ nto to de- 
part indefinitely from the original type.” 
What was in this brief paper that forced Dar- 


win to do what his friends could not persuade 


never was 


Russell 


him to do? To answer that question, we have 
to try to recreate for a moment the intellectual 
climate of the In the first half of the 
19th Century, idea of evolution was not 
altogether strange. In those days the 
were beginning to appreciate that 
behind 
that the earth was populated by 
than could 
and a lot of people 


time. 
the 
> geologists 
the earth’s 


crust had a history explorers were 
discoy ering 
more kinds 
have fitted into Noah’s ark, 
were wondering about the frequent discoveries 
of fossilized bones of animals that 


exist. Every and 


of plants and animals 


no le mver 


now then somebody 
pressed, more or less clearly, the idea that the 
plants and animals we see around us have not 
but have somehow developed 
ditferent 


and that was just the 


alwavs existed, 


or “evolved” from earlier, forms. | 


sav “somehow” evolved 
difficulty. 


No one was able to explain con- 
vincinely 


how to 
absence 


one animal could give rise 


another, different animal—and in the 


of such 


explanation, most people clung to 
the comfortable old belief that God had done 


it all, in that miraculous week in which he 
created the firmament, and everything to go 
with 

Such was the climate of opinion in 1831, 
when Darwin left England on HMS Beagle, a 
British naval ship sent out on voyage of 
exploration. In those days the 22-year-old 
Darwin was furnished with a_ sufficiently 
orthodox set of religious views—he was in fact 
intended for a clergyman, the usual fate in 
those davs of well- brought up young men 


fit for anything else 


parish he sailed on the 


who didn’t seem to be 
But instead of taking a 
Beagle, 


lasted 


and in the course of. that voyage it 
vears—he had the opportunity to see 
and wonderful things that revo- 


strange 
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lutionized his understanding of the world of 
life. In Uruguay he found beds of fossilized 
bones of animals that man had never seen 
alive in South America—a huge elephant, a 
giant armadillo, an ancient horse, a strange 
animal that was a little like a horse and a camel 
and an elephant rolled together. In Brazil he 
insects in an infinite variety of astonish- 
ing designs that effectively protect 
the insects from the fate of being caught and 
eaten. And in the Galapagos Islands, most im- 
portantly, he saw what challenged his scientific 
imagination beyond anything ‘else. The Gala- 
yagos are a group of ‘inhospitable masses of 
that lie in the Pacific, about 600 
the coast of Ecuador. There, 
far out Darwin was astonished to find 
that the animals and plants were somehow 
These are his own words: 


saw 


designs, 


black lava 
miles west of 


at sea, 


familiar to him. 
“It was most striking to be surrounded 

by new birds, new reptiles, new shells, new 
, new plants, and vet by innumerable 
trifling mp ils of structure, and even by the 
tones of voice and plumage of the birds, to 
have the temperate plains of Patagonia or 
the hot dry deserts of Northern Chile, vivid- 
Why on these 


ly brought before my eves. 
small points of land . .. were their aboriginal 
inhabitants created on American types 
of organization? 


Nor was the strangely reminiscent character 
of the Galapagos flora and fauna all that 
attracted his attention. He goes on to point 
out something that surprised him even more: 

“| have not as vet noticed by far the most 
remarkable feature in the natural history of 
this archipelago; it is that the different is- 
lands to a considerable extent are inhabited 
by a different set of beings.” 


And a question: why should the 
animals and plants of the Galapagos be like 
South America? And why should 
they be different? W hy should the pattern 
vary on islands only a few miles apart? 


here was 


those of 


Observations like these, repeated over and 
over, produced in Darwin’s mind the feeling 
that the creation of living things was based on 
some plan much more complex—and much 


more wonderful—than the simple tale of 
Genesis. Returning to England in 1836, after 


5 years of VOY aging, Darwin settled down at 
his quiet country home to work over his vast 
accumulation of noes and specimens, to learn 
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as much as he could about the staggering 

variety of living things. Ultimately he hoped 
to explain how new animals and new plants 
come into being. He was still at work on that 
tremendous job when Wallace’s letter arrived, 
in the spring of 1858. 

Wallace was a much younger man than 
Darwin, and less fortunate. He came from a 
poor family, and from the age of 14 he had 
to make his own w ay —principally by survey- 
ing, and by teaching ‘school. Fortunately there 
were good free public libraries in EF ingland in 
those days, and young Wallace read books 
that fired him with the ambition to travel in 
the tropics. In 1848, when he was 23, he sailed 
for South America with a friend, Henry 
Walter Bates. They spent four years canoeing 
up and down the Amazon, collecting speci- 
mens for the British Museum and for private 
collectors. Although the expedition was quite 
successful, Wallace was unlucky—the ship in 
which he was returning to England burned at 
sea, and he case home penniless and empty- 
handed. 

But Wallace had years of observations 
stored in his capacious mind. From his store, 
he wrote a book, and soon he attracted the 
attention of people—they were numerous in 
England in those days—who were seriously 
interested in natural history. In 1853 the presi- 
dent of the Royal Geographic Society ar- 
ranged for W allace to go out to Singapore on 
a government vessel. That was the beginning 
of eight years of travels in the islands of the 
Malay Archipel ago. 

In those vears Wallace travelled over 14,000 
miles in the archipelago, and collected 125,000 
specimens. Such statistics are easy enough to 
say, but one can scarcely imagine the cour- 
age and determination it required for one 
lone Englishman to perform such a feat in 
those days. One quotation from his autobiog- 
raphy will give you the idea; referring to 
one voyage in a Malay sailing vessel he says: 

“My first crew ran aw ay; two imen were 
lost for a month on a desert island; we were 
ten times aground on coral reefs; we lost 
four anchors; our sails were devoured by 
rats; the small boat was lost astern; we were 
38 days on the voyage home that should 
have taken 12; we were many times short of 
food and water; we had no compass lamp 
owing to there being not a drop of oil in 
Waigiou when we left; and to crown it all, 
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during the whole of our voyage, occupying 
in all 78 days, we had not one single day of 
fair 
Exploring island after island, Wallace had 

the same kind of opportunities as Darwin had 

the staggering variety of living things 
observe over and over how ani- 

1 equipped in ways 


to see 
that exist, to 
mals are precisely shaped : 
that make them best able to esc: ape from their 
enemies, best able to secure the food they need 
to survive. Wallace too pondered about these 
things—how did 
ent kinds of living things come 
What forces had fitted them so exactly to the 
lives they lead? 

Darwin and Wallace had both read some of 
the same One that strongly in 
fluenced them beth was called “An Essay on 
Population,” by Thomas Robert Malthus. The 
idea expressed in this book is that human 


these vast numbers of differ 


into being? 


books. book 


beings tend to reproduce as fast as their food 


supplies allow—when plenty of food ts avail- 


able, more young are born and grow up 
when supplies become short, many starve. 
Malthus of course was not interested in evo 
lution. It was his purpose—a somewhat un- 
christian purpose, although he was a clergyman 
to combat ney social conscience that w 


England of his time. He 
wanted to ae Sa it was useless to try to 
relieve the condition of the poor then 
there would only be more poor. Darwin and 
Wallace, 
tarian sympa 
Malthus’ 
broader saw 
that living things generally held 
heck by limitati: mn of their food supplies, or 


f adverse circumstances. 


grow ing up in 
because 


who were both men of great human 
ignored the purpose of 

arguments, but they both 
application of his principle. 
are 


ithies, 
Siw l 
being 
bs other kinds of 
It was Wallace who put this poencipre to 
use dramatically. In those days the price 
of travel in the tropics was to suffer recurrent 
fevers. One day in February of 1858, Wallace 
lying in bed pig 1 bout of fever, found his 
mind turning Relies. \ question came to 
him: why, ice conditions become difficult 

when when the weather 1s 
when the climate changes—why do 
and some on. living? 
flash he the 
are best fitted to survive 

the swift- 


most 


food Is scarce, 
severe, 
in a 


organisms die FO 


sudden saw answer: 
tha 
healthiest are safest from disease, 


est escape from their enemies, the keenest hun- 


those survive 


ters get the most food. 
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And this is the point: animals are not all 
equally healthy, nor swift, nor strong, nor 


cunning. Wallace put it this w ay: 


“The numbers of wild animals that die 
annually must be immense; and as the indj- 
vidual existence of each animal depends 


upon itself, those that die must be the w eak- 
est while those that prolong their exist- 
ence can only be the most perfect in health 
those who are best able to obtain 
regularly, and their 
iggle for 
in which the weakest and least perfect 


and vigor 
fi rd 
enemies. 


avoid numerous 


‘stru existence,’ 


organized must always succumb.” 

Wallace saw clearly that variation did not 
occur because the animals wavted to change, 
or were trying to change—rather, variation 


just happens, and selective forces act on it. In 


the essay he sent to Darwin, he said, for ey- 
ample 

“Even the peculiar colours of many ani- 

mals, especially insects, so closely resem- 


bling the soil or the leaves or the trunks on 


which they habitually reside. are explained 
on the san principle; for theugh ce 
course of ages varieties of many tints maj 
have occurred, yet those races having col- 
ours best adapted to concealment from theii 
enemies would inevitably survive the long- 
Now in these q lorations We sec stated, ina 
few words, what is really the basis of our 
present day understandi 12 of evolution: Evo- 
lution—the origin, that is to say, of new forms 
of life—occurs because living things always 
tend to differ from one another. In the face 
of ¢ anging extern il circumstances, those that 
can meet the challenge survive to produce 
more of their kind, others are eliminated. For 


example, when the climate becomes colder, as 


it has several times in the earth’s history, those 


animals that can produce more heat, or can 
conserve their heat more efficiently, are fa- 
vored—species with naked skins give rise to 
wooll ones, and so on. When the climate be- 


comes drier, those animals or pla its that can 


eet along with little water, or can keep from 
losing the water they have, are favored—the 
cimel and the cactus appear. 


Why did this clear and simple explanation 


of how evolution had come about have such a 
startling effect on Darwin? For just this rea- 
son: that Wallece’s theory was exactly the 
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theory that Darwin himself had arrived 

Ir was really one of the greatest coincidences 
of scientific history—two men, 10,000 miles 
apart, bringing the same kind of experiences 
to bear on “the same problem, had arrived al- 
most simultaneously at the same solution. 

What happened next is a story often told. 
Darwin’s first generous impulse was to have 
the Wallace paper published, and let Wallace 
have all the credit for the work to which 
Darwin himself had given the best years of 
his life. But Darwin’s friends prevailed on him 
to take a less quixotic course. The solution was 
to present at the same time Wallace’s essay 
together with an essay and a letter by Darwin 
on the same subject. This happened in June of 
1858. Thus ge men could receive due credit 
for their great achievement. 

The vali ation of these short essays, how- 
ever. did not have much influence. They were 
so brief and so concise that people who had 
not spent years on the kind of studying and 
observing that Darwin and Wallace had done 
iust didn’t see the point. So the next move 
was up to Darwin. He was the custodian of 
the great mass of knowledge and evidence that 
would convince the world. He knew what he 
had to do—he sat down and wrote the book 
we know as The Origin of Species. That book, 
overwhelming mass_ of 
through the intellectual world 
like a tornado. Everybody read it, everybody 
talked about it. It turned the current of bio- 
logical research for more than half a century, 
ind left its mark in physics too, It blew the 
cobwebs out of religion and blew confusion 
into politics and economics and sociology and 
literature. And when the storm died down, 
man’s view of himself, of his place 1 in the uni- 


which marshals an 


data, sw cpt 


verse, was changed forever. 


\s to Wallace himself, it is not easy to 
summarize the rest of his life, for he was 35 in 
I858, and he still had 55 active vears ahead 
him. In brief, he returned to England 
1862, well-known now, married the daughter 
of a prominent British botanist, and settled 
1 life of study and writing. He pro- 
dozen books. “several of 


down to 
duced more than a 
which are recognized as classics of science and 
travel. He awarded the Order of Merit, 
Britain’s highest scientific decoration, and— 
partly through Darwin’s good offices—he was 
granted a pension by Queen Victoria’s gov- 
ernment 


Was 
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Yet his life is an ironic story. Though he 
was the author of one of the salient concepts 
of scientific history, fate condemned him to 
play second fiddle to a more fortunate man. 
In the rest of his life, he failed to achieve the 
influence that one might have expected for 
him. There were several reasons for this, but 
the saddest reason is that he was too far ahead 
of his time. 

The difficulty lay in the problem of human 
evolution. In the Origin, Darwin had avoided 
this touchy subject, but others took it up soon 
enough. If animals had evolved, then man, 
who is made on the same plan as animals, must 
have evolved too. In an excess of enthusiasm 
well-mixed with ignorance, many thinkers set 
about arranging living races of men and also 
of apes in what they thought was an evolu- 
tionary series—a series that started with the 
monkey s and proceeded up through the chim- 
panzee ‘and the gorilla to the aboriginal peoples 
of Australia, through various African tribes 
to Eskimos, Polynesians, Mongols; this fanci- 
ful notion having been invented by white 
men from the northwest of E ‘rope, the white 
man was obviously at the top. Perfectly sober 
and honest people i in those days held views of 
racial superiority and infer jority that today 
are almost confined to South Africa. But 
Alfred Russell Wallace, almost alone, knew 
the fallacy of these views. For he was the only 
scientist of his time who had lived for years 
among native tribes, both on the Amazon and 
in the South Seas. He knew, for example, that 
tribal languages are not like the chatter of 
apes, as some people said, because he had 
learned such languages, and knew how com- 
plex they often are. He knew that primitive 
peoples are not mentally inferior, because 
he had often depended on their intelligence. 
He knew that so-called savages are not mor- 
ally depraved, because he had trusted his life 
to them, and found that his trust was rot mis- 
placed. 
and Wallace’s 
ideas on the essential humanity of primitive 
man were not particularly admired in Victor- 
ian England. But he kept on fighting—he never 
compromised his views—and we should be 
grateful to him, I think, for the more tolerant 
and informed spirit that is surely, if somewhat 


There is a fashion in ideas, 


slow lv, sweeping away the i ignorant prejudices 
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of the past century. Events have proved — people as people—not as stereotypes that fitted 
Wallace right. And I like to reflect that he a theory. It was his humanity that gave him 
was right because he dealt with primitive his insight into nature. 
he Teachi Evoluti 
Notes on the Teaching of Evolution 
ELWOOD B. EHRLE 
State University College of Education, Geneseo, New York 
Chere is probably no other single subject evolution from the several theories of evolu- 


within ~ discipline of biology that has en- 
gendered as much misunderstanding and mis- 
trust as has the subject of evolution. The 
mere mention of a serious discussion of this 
subject usually raises the tenor of interest in 
a roomful of beginning college biology stu- 


dents. Some are quite read\ to hear more 
about a concept concerning which they have 
mixed emotions; some are resolute passive 


resisters; while others are immediately e7 


all comers. Some 


their 


to take on 
attack on 


garde 


and ready 


see it aS an overt religious 


beliefs, while others view it as a sort of mys- 
tical all-controlling demigod in itself. Since 


this subject is so central to the understanding 
of biology as a dynamic discipline, | offer 
these comments for consideration and criti- 
cism. 

First, it is an illogical reaction of 
faculty to place the blame for a 


view of evolution on instructors in the second- 


college 
muddled 


ary and primary schoo] system. While there 
may be some measure of merit in this reaction, 
the main difficulties, I believe, lie elsewhere. | 
would expect, for example, to find very few 
people on the street who would be able or 
willing to spend time in a debate on the rela- 
tive merit of lhe 
much more intricate topic of organic evolu 
only 


well- 


Isogamy VS. heterog: uny. 


tion, however, is readily discussed not 
by the 
meaning non-biology 
every kind, and of. 
students. It is not my 
the compatibility of the concept of evolution 
with political theory, or religion. 
I would, however, re- emphasize to the reader 
that if he is a teacher of biology at any 


he has no monope ly. singly or collectively, in 


man on the street, but also by 


teachers, religionists of 
course, poorly prepared 


intention here to discuss 
theology, 
level, 


shaping the students’ understanding of evolu- 
tion. 
One of the main 


be found in a failure to separate the fact of 


sources of confusion can 


tion. If one can bring a group of students to 
an understanding of the truth, proof, 
and fact, as they are properly used in the Sci- 


words. 
fact,” is 


“Evolution is a 
a very defendable Only 
the fact of evolution can w e hope to approach 
the theories constructed to explain this fact. 


ences, the statement, 


one. as We consider 


The simple fact of evolution is embodied 
the word itself. 
means simply to unroll, to unfold, or more 


Lhe Latin predecessor, evolvo 


simply, to change 
There are essentially two major ways in 
which the living world can be viewed with 


respect to time. It can be considered to be 
static, unchanging, and fixed. Species are im- 
mutable and the life that exists now is muci, 
t and will 


probab yy continue to exist into the furure. As 


like the life that has existed in the pas 


an alternative. life can be considered to be 


continuous 
relatively 


dynamic, everchanging, and in a 


state of development. Species are 


plastic and transitory, the life which 
existed in the past is very different from that 
which exists now, as well as from that which 
will exist in the future. The choice ts not a 
dificult one. The entire essence of lite itself 


this continuous 
this unfolding, is the fact of 
biological apologists put 


bespe: iks change. [his change, 
newness of life, 
evolution. As the 
it: “It isn’t a matter of opinion, it's a matter 
of rocks. | didn't put those fe ssils in the rocks, 
to hide them 


inat- 


and I do you a disservice if I try 
from you.” Yes, it 
ter of the continuous and repeatable observa- 


With this 


between the 


is a matter of rocks, a 
tion of these rocks—in short, a fact. 
understanding of difference 
fact of evolution and the theories of evolution, 


the students are far more read\ TO consider 
the latter. 
Second, | am of the opinion that it Is an 


organizational error to speak of evolution be- 
fore an adequate foundation in biology has been 


laid. Such a foundation would, of course, 1n- 
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clude a perusal of the plant and animal king- 
dom as a whole, as well as the intricacies of the 
life processes, life histories, and living habits 
of a series of time-honored examples. Through- 
out the tour @inspection of the plant and 
animal kingdom, the extinct as well as extant 
groups should be discussed and displayed. 
Probably of prime importance among these 
trilobites and dinosaurs, both of 
which are extinct, as well as fossil horses, 
camels, and the like, whose descendents are still 
extant. One should not omit a presentation of 
the more important plant types in the life of 
the past—Rhynia, among the first known land 
vascular plants, Lepidodendron and Sigillaria, 
among the primitive spore-bearing, coal-form- 
ing trees, and, to add a touch of the bizarre, the 
giant horsetails which grew with them. All of 
this can be done without even hinting at a con- 
ieginning biology students 
will not make the association and will approach 
these extinct types with as much, or, in some 
more interest than they reveal in the 
extant types of life. Meanw hile, the instructor 
is laving his foundation. 

Phird, an understanding of evolution re- 
knowledge of anatomy, 
physiology, and taxonomy. Here, as 

1 perv: ading part of the presentations, should 
he an emphasis on similarity. Students are ac- 
customed to thinking in terms of differences. 
One can experiment by asking three students 
to stand in front of the room and asking a 
fourth to describe the three. After the most 
obvious ditferences are mentioned, the more 
ind more subtle and picayune will be de- 
This can go on for some time and 
the student offering the description will still 
not mention that all three have one head, two 
irms, one nose, etc. The theories of evolution 
are not built on differences between organ- 
The fact that 
“nerve 


would be 


cept of evolution. 


Cases, 


prerequisite 


ecology, 


scribed. 


isms but on their similarities. 
Hydra has only loosely constructed 
net” and that Planaria has a bilobed cephalic 
ganglion is nowhere near as important as Is 
the fact that they both have a built-in nervous 
. there is considerable differ- 
and men, but one never 
realizes it by looking at the plasma membranes 
of their cells, the metabolic activities of their 
mitochondria, or the pattern of their digestive 
\ meaningful concept of evolution as 
fact must build on the tremendous similarities 
of seemingly very different forms of life. 


system. Similarly 
ence between mice 


tracts. 
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Finally if you follow this outline—differen- 
tiate between the fact of evolution and the 
theories of evolution, give an adequate view 
of past life as well as present life, and continue 
to emphasize similarities rather than differ- 
ences—the major chore is over. The various 
theories of evolution will then be readily 
understood. In my classes | choose to present 
only three theories of evolution: the doctrine 
of acquired characteristics, evolution by na- 
tural selection, and finally, twentieth century 
neo-darwinism, which concen both the con- 
cepts of natural selection and those of popula- 
tion genetics, including hybridization, crossing 
barriers, isolation, and the like. By the time 
these are reached, the students are on the 
instructor's side. They are just as much in need 
of an explanation for the origin of the life 
they see as is their instructor. Unless how- 
ever, the primary distinction is made between 
the fact of evolution and the theories which 
attempt to explain it, our classroom efforts 
help to breed more misunderstanding and mis- 
trust than they erase. 


Exposure Meter 


practical approach to exposure, through 
an understanding of the relationship between 
a photoelectric exposure meter and the grey 
scale, is developed in EXPOSURE METE R: 
THEORY AND USE, a new 16mm film pro- 
duced by the Indiana University Audio-Visual 
Center. 

The 10-minute film, available in color or 
black and white, shows how an exposure meter 
works and answers basic questions concerning 
the intelligent use of an exposure meter in still 
and motion picture photography. 

Prints can be rented from the usual sources 
or purchased from the Audio-Visual Center, 
Indiana University, Bloomington, Indiana. 
Prices are $100 for color and $50 for black 
and white. 


Christmas Meeting 


The NABT will hold its annual meeting 
with the American 
vancement of Science in New York, December 
26-30, 1960. NABT headquarters and the site 
of its meetings will be Hotel Roosevelt. Put 
this on your calendar and plan now to attend. 
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Darwin, Immutability, and Creation* 


RICHARD P. AULIE 
Bloom Township High School, Chicago Heights, Illinois 


. could a giddy dance 
of atoms lawlessly hurl’d 
construct so wonderful, sO WISse, 
harmonized a world? 


—Erasmus Darwin (1) 


The doctrine of evolution is now a perma- 
nent fixture of human thought. After a hun 
dred years of Darwin no responsible student of 
biology doubts that evolution has occurred, 
although disagreements continue 
tent and method. It is a great watershed ¢ 
science, dividing all the biology that lay before 
The Origin of Species from all that was to 


come 


as to its @x- 


There is very little from. the 
gener al public compared with the situation a 


biology teachers would 


opposition 


few vears ago. 
gladly attribute this to sound teaching. But 
we ought not to congratulate ourselves too 
quick ly, for the lack of op position stems not 
only from acceptance but also from just plain 
[here are ert: two reasons 

they die and 
old men g 


young have new 


indifference. 
for this: | ) people come and @ 


young men; rOW 


are by 
weary of controversy; the 
and there is no one sufficiently interested 
\fter all, the Origin 


and the book 


ideas; 
to carry on the areument. 
was publish ed a full century ago, 
Ne} 

i 
book. only 


interest, aS a2 
\lany 


read this famous 


se 1s rapidly becoming of 


to the historian of biology. 


biology teachers have not 


work in which the word “evolution” does not 


occur. (b) Then. too people today are far 


more worried about what the physicists tell 1 
biologists Say 


future than what 


I he larger proble ‘ms of human 


about our 
about our past. 
existence are thus far more compelling than 
discovering, for ex imple, which ancestor swam 
in a Silurian sea. 

In any case the task of the biology teacher 
is much easier now for he may usually handle 
the theory as he likes. Let us examine the 
great clamor that raged over 


to under 


causes of the 
evolution not sé » long ago and try 


stand them in a contempor: ry perspective. 


*This paper is presented at the NABT meetings 
with the AIBS in Stillwater, Oklahoma, \ugust, 1960 


The theory of evolution was not started by 
Charles Darwin—the idea stirred first in early 
Greek minds—nor was it widely accepted be- 
fore his day. Many of his distinquished prede- 
cessors such as Leclere de Buffon (natural 
history ), ‘ Cuvier (anatomy), and 
Alexander von Humboldt (geology ), had al- 
ready observed the facts on which he based 
Ideas of continuity and 


reves 


his ‘speculations. 
change had been supplied by 
thinkers as Aristotle 
Bonnet (une 
Spencer (natural selection), 


diverse 
Charles 
Herbert 
and Charles L vell 
(principle of continuity ). Darwin's genius lay 


such 
(scale of life), 


chelle des etres). 


in bringing together the mass of facts already 
in existence and applying to them a simple 
generalization that no one had thought of be- 
fore, one that has stood the test of a hundred 
vears of biology 

Evolution replaced the idealistic and ro 
mantic biology of the Is8th and 19th centuries. 
mystical Natur- 


by the 


This highly ingenious ind 
philoso phie was developed 
articulate Sir 
and Whose 

Darwin. 


Richard Owen, renowned anat- 


position In 


biology was displaced | d\ Besides re- 


placing this old approach, evolution — also 


opened the door to many new studies in 


biology. Comparative anatomy and embry- 


ology grew and flourished in the vears suc- 
ceeding 1859, together with whole new 
branches of biology such as and 


biogeography which received their start from 


Darwin. In our own day many advances in 


about through attempts 


have CONC 


to identify evolutionary mechanisrns. 
Charles Darwin 
evolution has occurred: 


was concerned chiefly with 
establishing that roday 


biologists are concerned with showing hou 
evolution has occurred, often at the sub species 
level. This shift in 
anvone at all familiar with the lite 


1859. We have sail to think of the new vo 


is obvious to 
‘ature since 
cabulary in use today that was unknown a 
radiation 


\Waddingron), geo 


century ago: adaptive (Simpson), 


sequences 
speciation Mavr). industrial melanism 


and poly genic variation (Ford), the origin of 


420 


nl 
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life CGiatfron ct al.), isolating mecha- 
nisms (Dobzhansky ), population — genetics 
(Sewell Wright), population explosion (Hau- 


et al.), and the inevitable (Watson- 


Crick ef al.). 
ANATOMY OF VERTEBRATES. 


The different elements of the pri- 
mary segments are distinguished by 
peculiar markings :— 

The neurapophyses by diago- Wf 
nal lines, thus — 

The diapophyses by vertical 
lines— | 

The parapophyses by horizon- — 
tal lines —= 

The centrum by decussating 


horizontal and vertical lines- its 

The pleurapophyses by diago- \\\ 
nal lines \ 

The appendages by dots 

The neural spines and hamal spine 3 
are left blank. 

In certain segments the elements 
are also specified by the initials of 
their names: 

ns is the neural spine. 

n is the neurapophysis. 

pl is the pleurapophysis. 

cis the centrum. 

h is the hamapophysis, also indi- 
cated by the numbers 21, 29 
44, 52, 58, 63, 64.' 

hs is the hamal spine. 

a is the appendage. 

The centrum is the most constant 
vertebral element as to its existence, 


- \ but not as to its ossification. There 
ae are some living fishes, and formerly 
| A. ‘ there were many, now extinct, in 
which, whilst the peripheral elements 
am of the vertebra become ossified, the 
a central one remains unossified; and 
a, here a few words are requisite as to 
a the developement of vertebrae. 

=| § 16. Developement of vertebra,— 
“ The central basis of the neuroskeleton 


is laid down in the embryo of every 


tew-«%22¢ Vertebrate animal as a more or less 
Y 


Bee ‘Tante or Srxomrms, Special Hlomologics,’ for the namcs of tho bonos 
iadicated by numbers 


Figure 1. Sir Richard Owen (1804-1892) pre- 

pared this diagram to show what he considered 
“ideal archetype skeleton,” an eternal, 
divine idea. All vertebrate skeletons, he main- 
tained, are variations on this common theme 
He deduced this representation from his monu- 
mental studies of vertebrate anatomy and pa- 
view were also 


to be the 


leontology. his species 
unchanging represent: itives of such eternal ideas 
He also made important con- 
knowledge of monotremes, 
marsupials, and anthropoid apes, and gave good 
definitions of analogy and homology; his biolo- 
gy clearly follows the tradition of Georges 
Cuvier. (Courtesy the John Crerar Library, 
Chic ago. ) (6) 


Ol irchety pes.” 


tributions to our 
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Nineteenth century biologists were much 
more in the public eve than they are now. 
Many areas of natural history were subjects 
of spirited public discussion. Hardly a scien- 
tific organization would meet w ithout some 
famous man from the Rayal Society taking 
to the lecture platform on a_ subject like 
Vegatherium, Archaeopteryx, or the theory 
of the skull. On the continent Georges Cuvier 
and Geoffroy Saint-Hilaire quarreled publicly 
over two interpretations of anatomy. The 
celebrated controversy embittered their life- 
long friendship, although Cuvier’s victory had 
important implications for evolution. Out of 
this ferment on both sides of the English 
channel grew the opposition to Darwin that 
many biologists registered on purely scientific 
grounds, The most distinguished was Sir Rich- 
ard Owen, England's foremost biologist until 
1859, whose name I have already associated 
with Naturphilosophie. By contrast, his conti- 
nental counterparts w ho were Lorenz Oken, 
Saint-Hilaire, and von Goethe had entertained 
certain evolutionary ideas. Koélliker and the 
aged von Baer in Germany also voiced their 
dis ipproval of the new theory. 

On our side of the Atlantic, Louis Agassiz, 
the famed Harvard professor who had known 
von Humboldt and Georges Cuvier earlier 
in his life, vigorously denied evolution had oc- 
curred. He stoutly maintained that the idea of 
the common origin of man and the other 
primates was entirely fallacious. There was also 
the opposition of the clergy in England and 
later in America, such as the unfortunate clash 
between Bishop Wilberforce and Thomas 
Huxley. Opposition seemed to begin first 
among the scientists, then it soon appeared 
among members of the clergy, even though 
as I have noted most of the facts upon W hich 
evolution is based were already rather well 
known. Such opposition at first seems in- 
credible to us. It spread to both sides of the 
Atlantic on the lecture platform, in the press, 
in the classroom, and in the pulpit, and lasted 
into the early decades of our century. 

Why were Darwin’s ideas resisted so 
vehemently? I do not think this is a puzzle, 
particularly if we try to understand the think- 
ing patterns of the first half of the 19th cen- 
tury. There is, of course, the obvious reason 
that people ¢ generally are skeptical of any new 
idea that conflicts’ with established custom. 
Beyond this, however, the heated denials that 
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evolution has occurred arose primarily not 


from quarrels beraween religion and science, 
but rather because of 
themes 77 Darwin's 


bring these tensions to the public conscious- 


erroneous religious 


science. book served to 
ness. 

It is difficult for minds 
to understand how 
could have been important. [his is because we 


our contemporary 
religious idea science 


usually compartmentalize our lives, carefully 
sealing off religious ideas from their applica- 
tions to life. We too often think of religion 
as though neither has a thing to 
But I think the 19th century 
here 


and science, 
do with the ae 
scientists aimed at a higher consistency. 
is a certain ag in : ae method that we may 
admire even if they did arrive at an erroneous 


conclusion concerning species, as we shall see. 


Many pre-Darwinian biologists were deeply 
exercised about the role of 
nature and they sincerely desired to show how 
supported the Bible. They thought 
that God had spoken ex nihilo 
ill in nature, that what we see 
unchange d 


prov idence in 


science 
seriously 
ind for 
around us has existed essentially 
since the dawn of creation, except perhaps for 

James Hutton’s Theor) 
of the Earth 1795), Robert Chambers’ Ves 
1844), and 
nals of the 
[he famous bishop had 


very 
once 
certain catastre »phes 


James Ussher’s 
World (1658) 


tiges of Creatioz 
chronology in his Az 
had a wide appeal. 
fixed the date for the creation of the 
at 4004 B. C. by using too literal 
drawn from cert: ‘ 

views were to be impugned by the geology of 


world 
conclusions 


Biblical genealogies. His 


and their suc 
also found in 


Georges Cuvier, ( ‘harles Lyell, 


cessors who show ed history iS 


the rocks, something Ussher could not have 


known. Biologists often have the tendency to 
ridicule Ussher and others who opposed evo 
lution. However, we are never wise enough 
for that. all did rather well, | think, 


their context; pe rhaps we do not as well with 


They 


what we know 


Ihe arguments over evolution, when 


stripped of their nonessentials, revolved around 
Biologists were con 


that 1s, 


the nature of species. 


vinced species were immutable; they 
had not changed appreciably since creation. 
sources In 


I believe this view has had three 


Platonic philosophy; (b) Linnean 


history: (a) 
systematics: 


the Bible. 


ind (c) wrone interpretations of 
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Attention was directed to the 


“species” as it 


concept 
corresponded to an 
as estal lished by 


ideal, 
permanent type divine de- 
cree, rather than to origins. 
the unchanging which God ex- 
pressed His wisdom. Sir Richard Owen w rote 


that 


Species were 
category in 


the recognition of an ideal | xemplar for 
the Vertebrated animals proves that the know]- 
edge of such a being as Man must have existed 
Vian Divine 


which planne d_ the 


mind 
Archety pe also toreknew 


before appeared. For the 


> 


all its modifications.” (2 


THE 


ANNALS 


WORLD. 


Deduced from 
The Origin of Time, and continued co the 


beg, Reign,a nd the 
| 
tall Det ctionand Abolition of the Temple 
| ommon- 


wealth of the Fews. | 


(Containing the 


HISTORIE 


TESTAMENT. | 
MACCHABEES,. 

Alfo el ft NI norabie Attat sote 4 a inde pypt, 

And the Ril - of the] mpire of the Roman | e/ars, | 

under (  Fulius,and Odavianus. 

From all Hiftory, as well Sacred, as Prophane, a 1 Methodically digefted | 

By ch Rev LFAMES “USS HE , Arch 
Bifhopof Arma aND 


I 
LONDON 
Printed LER, ! rj. ¢ ROO 
Ship in St. Pauls Church-yard, and forG.B # pace, 
at the Middle- Temple-Gate, in Flect-Stree M, DC. LVITI 


at the Sign of the 


2. We remember James Ussher 158 1- 
1656) tor his now-discredited Biblical chronol- 
ogy in which he suggested the actual dav of 


creation, as seen here on page one of his book. 


His writings supported the claim that God had 


created species once and for all. (Courtesy the 


Newberry Library, Chicago. 
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Many biologists shared his view that every liv- 
ing species is an imaccurate or imperfect 
representative of an eternal and unchanging 
idea. All organisms result from variations on 
this idea, or “archetype,” a notion that may 
easily be traced to Plato. It is a_ beautiful 
concept that Sir Richard Owen gave biology, 
the ‘ ‘archetype,’ one that suggests to us pro- 
found truths that I cannot now explore , even 
though it is no longer useful to us. 

This view, that we may trace to Plato, so 
unlike our modern approach, had been trans- 
muted by the careful work of John Ray in 
his Methodus plantarum of 1644 and later by 
Carolus Linnaeus in his Systema naturae of 
1735 into the wre that Darwin de- 
molished. (Fig. 4.) John Ray gave a classic 
statement of the view when he aa: that 

the number of true species is fixed and 
limited and, as we may reasonably believe, 
constant and unc hans sable from the first crea- 

tion to the present.” (3) 


We should observe, however, that in later 
iserm of the Systema Linnaeus was not so 
confident about this fixity of species. 

[he concept of species to which Darwin 
was heir was thus monotypic, defined strictly 
on am orphologic basis according to the early 
Linnean use of the term. Now we have a more 
plastic synthetic, and polytypic species con- 
cept, Whose populations often intergr: ade, and 
which Ernst Mayr likes to call Rassenkreise 

This static view whereby the fact of cre- 
Was not distinguished from the gwethod 
of creation was further reinforced by faulty 
exegesis of such ¢ Bible as 
the early ch ipters of Genesis, Job 39-41, John 
Hebrews 11. It) was 
thought that these passages declare that God 


passages in the 
1, Colossians 1, and 


had created al! species ex nibilo as one may 
now observe them. Of course, they declare 
Phus, the immutability or 
fixity of species had come to be S\ nonymus 


nothing of the sort. 
with divine creation. 

When Darwin appe: ared it was an easy step 
to the erroneous views that evolution and 
creation were antitheses, and that evolution, 
for ex unple, would deny the reality of God 
and the existence of the human soul. When 
he showed that species were not indeed im- 
mutable it was the logical conclusion that he 
This troubled 
Hooker, in 


was also doubting 
Darwin. In a lette his friend, 
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1844 he expressed dismay that he was finding 
immutability to be false (5). 

‘The major erroneous theme was, in short, 
the “that” God has created had become in- 
extricably linked with the “how” God created. 
To doubt the “how” meant also that one 
doubted “that” God had created. 


METHODUS 
PLANTARUM 


EMENDATA ET AUCTA, 


In qua 
maxime Charaéteriftice exhibentur, 
bus Stirpium Genera tum fumma, tum i 
ma cogncfcuntur & & fe mutuo 


dignofcuntur, 
Non neceffariss omiffis. 
Accedit 


METHODUS 
GRAMINUM, JUNCORUM 


ET 
CYPERORUM 
Specialis. 
Eopem 


ORE, 


APUD 
CHRISTIANUM ANDREAM MYNTSING. 
1733 


Figure 3. John Ray (1627-1705), who is sometimes 
called the father of E nglish natural history, was 
among the first to make extensive botanical 
collections throughout England and the conti- 
nent. In his books he classified his plants alpha- 
betically and also by the number of cotyledons. 
He was undoubtedly the first to attempt a 
scientific justification for the immutability of 

(Courtesy, the John Crerar Library, 

Chicago. ) 


species. 
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In the troubled minds of many serious 
people to doubt the “how” meant that one was 
denying the validity of all religious and trans- 
cendent values. Somehow people could not 
grasp the idea that a natur: al process could be 
a part of a continu ing creative process. Some- 
how creation had to be, for them, instan- 
taneous ex vihilo and without any method. 
Even today biologists are divided on this im- 
portant point. Remnants of this 19th century 
dichotomy—creation evolution—ma\ 
occasionally be found in carelessly 
phr ases on evolution in certain biology texts 


versus 
worded 


and in the utterances of well-known biologists. 

For example, Sir Julian Huxley at the recent 
Darwin Centennial Celebration at the Uni- 
versity of Chicago expressed the opinion 
“species were not created; they evolved.” A 
century ago such a statement was a useful 
argument for evolution since (a) many people, 
including biologists and spokesmen for biol- 
ogists, held that species are immutable and 
were created as such, and, (b) that these same 
individuals claimed that evolution and creation 
are mutually exclusive. Such a statement thus 
has no meaning today as an argument for 
evolution, for it is a hundred vears out-of-date. 

It is interesting, although, of 
pointless, to speculate on the reception evolu 
tion might have had if Darwin had employed 
divine providence as a background for his 
natural selection, not as a casual mechanism 
but as part of a unified, comprehensive world 
life view that comes to terms with First 
Causes. Apparently he did not think of the 
idea, but then neither do many contemporary 


course, quite 


biologists. 

We have indeed come a long way since 
Darwin. No longer are w dismayed at the 
prospect that today “til organisms are re- 
lated in time to simpler species. Furthermore, 
just as biological ideas become modified, 
theological attitudes continually 
well. Evolution provides a far more realistic 
nature than was 


change as 


and consistent view of 
enjoyed before Darwin’s Origin. 

Does all this mean we can go on to provide 
a sanction for ethics with evolutionary human- 
ism? In other words, does the self-sufficiency 
observed in nature preclude an underlying 
providence? Many thoughtful persons, re- 
flecting on the impact of science on human 
values, would reply in the affirmative. They 
would say science has come so far and has 
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achieved such success that it is quite valid 
to build out of limited and scientific observa- 
tions a total system of ne designed to 
explain all existence. But such ; 
fuses what may be observed with what is 


svstem con- 


inaccessible to any sensory observation. Sci- 
ence for them may then become a religion. 

Biology deals only with sense impressions 
and can make no value-judgments about ulti- 
mate causes; nor can biology assert that such 
issues are therefore meaningless, One simply 
cannot argue from natural selection to the 
negation of such concepts as creation, provi- 
dence, and the immortality of the soul, which 
are nonbiological realities. Because biology is 
ignorant or ultimates the best adjectives we 
can find to describe the raw materials of evolu- 
tion are “chance” and “random.” But it does 
not follow that man is thereby an accident. 
Such an assertion surely does not itself flow 
from the scientific process. That this is so is 
attested by practically every philosopher of 
science since Immanuel Kant. 


Nor can one logic ally defend on purely Sci 
entific grounds notions of secular progress 
based on evolution. This was attempted with 


dubious success by overenthusiastic social 
philosophers in the decades after Darwin. They 
used the theory of evolution to claim that man is 
getting better and better and that progress 1s in 
evitable. Those ideas perished in the rubble of 
two world wars, and few people talk that way 
anymore. However, we do find such ideas 
recurring occasionally in current biology lit 
erature but dressed up In quite different Jan 
guage. Eminent paint the future of 
man in generally rosy hues if only we will 
employ evolutionary concepts accordingly, 
man’s destiny is to be fulfilled only by evolu 
ultimately 
becomes deified. They thus go beyond their 


Furthermore, 


tion, and man himself, | suspect, 
biology. considering the mess 
we primates so often make of things gas 
chambers, race riots, and atom bombs—I do not 
find a great deal of comfort in that line of 
reasoning, however charming it sounds. 

Such ideas of secular progress are of a piece 
with 19th-century humanism and really are 
nothing new; they fail to account for the rich 
complexity and contradictions that constitute 
human existence and the limits of scientific 


abstractions in apprehending the total spectrum 


of truth. 
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Because of our dedication to science we 
want to learn as much as possible about our 
evolutionary past. At the same time we need 
the perspective to recognize that this knowl- 
edge does not automatically make us better 
human beings. Besides answering the questions 
how does nature work, and what is it made of 
—which science ts conching us to do rather well 
—we need also to awaken in students the 
recognition of the more important question, 
why are we here. 

fo this question biology can supply no 
answer. But our preoccupation with the how 
and what questions may lead some of us to 
think science thereby shows the why ques- 
tion has no validity. I think this sutels fools 
high school students, who are sometimes better 
philosoph ers than biology teachers. ‘They will 
insist with the clear logic of the young on 
asking really troublesome questions, 
such as “who made natural selection?” or 
“from where did the original hy drogen 
come?” They thus show us that modern biol- 
ogy always needs the philosopher to ask the 

nbarr: Issing questions about the assumptions 


those 


en which science itself rests. 


It was the genius of 19th century biology 
to perfect the scientific approach to the world 
life and show that concepts of design and 
providence do not giN e us causal explanations. 
It is the failing of contemporary biology to 
philosophic assumptions 


neglect the basic 


1 


which make science possible. 


\lany contemporary biologists are usually 
silent about these philosophic issues, such as, 
why do we assume that nature 1s predictable 
and regular; why do we claim the scientific 

ethod is valid; why do we assume that our 
sensory impressions { give us a correct repre- 
objective world about 
in part to natural 
reluctance to avoid eCrroneous conclusions of 
the past. But I fancy there is another, more 


sentation of the external, 
us. Lhis silence is due 


basic reason. It is the very correct suspicion 
that these questions lead us right back to the 
concept of divine creation that so exercised 
the 19th century mind. I think it is no accident 
that the theory of evolution could appear in 
a civilization alre ady suffused with the Judeo- 
Christian ideas that time is linear and progres- 
sive, and not cyclical, and that nature 1s 
rational and will yield its secrets to human 
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I sometimes like to think—although some 
will find my idea disconcerting—that Darwin 
has unwittingly helped us perceive creation 
in the clear light. He unravelled the strands 
of evolution whereby creation and certain 
aspects of providence may be displayed to us. 
Now, if we are so disposed we may return to 
a fresh consideration of what the 19th Century 
biologist should have known, that divine cre- 
ation may imply, not the method, but the 
purpose of human existence, and, indeed, may 
further suggest much of the foundation on 
which the edifice of modern biology securely 
rests. 


References 
1. Krause, E. Erasmus Darwin. New York, D. 
\ppletcn and Co., 1880. 216 pp. Quoted by 
Charles Darwin in preface, p. 4. 


2. Owen, R. The 
van Voorst, Paternoster Row, 


Nature of Limbs, London, John 

1849, pp. 85-86. 

3. Greene, J. C. The Death of Adam. Ames, lowa 
University Press, 1959. p. 128. 

4+. Mayr, k. Systematics and the Origin of Species. 
New York, Columbia University Press, 1942. pp. 
lil, 212, 113, 144, 138, 262, 173. 

5. Darwin, F. The Life and Letters of Charles 
Darwin. New York, D. Appleton and Co., 1896. 
I. p. 384. 

6. Owen, Sir Richard. On the Anatomy of Ver- 
tebrates. London, Longmans Green and Co., 
1866-68. I. p- 30. 


Talented Students 


[he United States can and should bring 
talented high school students with a special 
aptitude for science to the frontiers of research 
at a much earlier age than presently, a Ursinus 
( ollege chemistry ‘professor declared. 

\ way to do this has been demonstrated in 
an experimental four-week course in college 
chemistry, said Dr. Roger P. Staiger, who de- 
scribed the intensive program Ww hich enabled 
students to try for advanced placement at 
many colleges and universities. In this acceler- 
ated course, hand-picked 10th, 11th, and 12th 
grade students grasped modern chemical con- 
cepts more readily than average college stu- 
dents, Dr. Staiger observed. He urged that 
similar programs be developed 
throughout the country as soon as possible. 
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Brownian Movement Demonstrations 


FRANK E. WOLF 
State Teachers College, Fitchburg, Massachusetts 


Materials: 


\ student microscope with substage con- 
denser and oil immersion objective; nonmotile 
bacteria; yeast culture; a cigarette; high pow- 
ered lamp which may be focused; a “viewing 
chamber;” s\ ringe and needle. 


‘ 
Preparation: 


Construct a “viewing chamber” of three 
pieces of clear, transparent acetate ( lenite). 
[he bottom piece is inch thick and 1 by 3 
inches in length and width. The middle piece 
or chamber is 20/1000 of an inch thick and 
1 by 
ter of the middle piece. (Figure 1). The top is 


5/1000 of an inch thick and one by 


3 inches. Bore a inch hole in the cen 
three 
inches. 

Bond the middle piece to the bottom piece 
with acetone. Drill a 1/16 inch hole from the 
edge of the chamber to the outside of the long 
Using 


> 


edgx of the bottom piece. (Figure Dk 
a 3/16 inch drill, countersink the hole from 
the edge of the bottom piece approximately 
3/16 of an inch in toward the chamber. (Fig 
ure 3). Bond the top piece to the middle piece 
with acetone. A veterinarian will supply a 
small stopper, to fit the 3/16 countersunk hole, 
from a vial of feline distemper vaccine. ‘Trim 
the edge of the stopper to fit the viewing 
chamber. Buff the chamber edge opposite the 
After use, 


flushing with a svringe. 


stopper. the chamber is cleaned by 


\ 
\ 
\ 
= 


a“ a“ 
a“ 
Jin. 


Proc 


1. With the sy rinee, create a partial vacuum 


in the chamber. Fill the svringe with smoke 
) 


and introduce the smoke inte the chamber. 


This procedure as the advantage, over the 


open Brownian movement apparatus, of pre 


venting the smoke from leaking out. Focus the 


light source from the side of the buffed edge 


of the 
Using the high, dry objective, study the parti 


chamber, using a converged beam 


cles of smoke vibrating in pl ice due to molecu 
lar bombardment 
either with 


2. Fill the « unber as betore, 


Figure | 
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3 in. 

5 

20/1009 i 


1@ DIA. 


J 
COUNTER SINK 


Figure 3 


yeast or nonmotile bacteria, and observe the 
movement-in-place called Brownian move- 
ment. The viewing chamber will not leak or 
dry out and may be tilted for projecting di- 
rectly through the tilted body tube of the 


microscope to a screen, without the use of an 
accessory bioprojector. 

The bacteria may be studied under oil im- 
mersion as the top of the chamber is well 
within the working distance of the objective. 


BIOLOGY IN THE NEWS 


BROTHER H. CHARLES, F.S.C. 
Saint Mary's College, Winona, Minnesota 


fur Tiger is Granpaia’s Lap, Corey Ford, 
Sports Illustrated, September 5, 1960, pp- 
68-7? 

\ humorous, provocative account of a seri- 
ous problem—what to do about house cats 
which become predatory in our woods and 
fields. 

Ruruiess Ant Wortp, Life, September 
5, 1960, pp. 62- 

\ series of paintings by Rudolf Freund 
which you will want for your bulletin board. 
You will want several copies for your per- 
manent file. 

Orat THe Best Yer? Steven 
\l. Spencer, Saturday Evening Post, July 23, 
1960. pp. 20-21. 87-90. 

Prevention of polio is wise. But how? An 
iccount of safe testing, or orally acquired 
resistance to polio, of the effects of injections 
of Salk vaccine and what we can expect in the 
near future. This 1s splendid article to use 
in teaching scientific method. 

GRANDMOTHER, SHare Yo 
Have, Roderick Haig-Brown, Sports Illus- 

ated, \ugust 8, 1960, pp. 42-45. 

| e biggest pike are females, some weighing 
as m an as five times that of the largest males. 
This article contains much biology learned 
while fishing. It could stimulate other young 
fishermen to make accurate observations about 
the fish they like to catch. 

Overweight Cuitp, Marguerete Ritten- 
house and Ruth Kamerman, Cosmopolitan, 


July 1960, pp. 74-79. 


When is a child overweight? Why is a child 
overweight? These and other phases of the 
overweight problem are discussed along with 
methods for correcting the condition. 

‘THe Great Arrureitis Lester Davis, 
Good Housekeeping, June 1960, pp. 106, 
120-124. 

Thousands of people afflicted with arthritis 
become desperate in their efforts to relieve 
their condition. This summary report gives a 
fair idea of the worthless remedies, mechanical 
as well as chemical, which are being sold to 
cure arthritis. 

Tue Mysrery or THE Frozen 
Charles H. Hapgood, Coronet, September 
1960, pp. 70-78. 

Another theory to account for the remark- 
able preservation of the bodies of the mam- 
moths. 


Look Our ror Suarks, Life, July 
58-72 


1, 1960, pp- 


Facts about sharks which swimmers at the 
seashore should know. Some wonderful pic- 
tures which you will want to use on your 
bulletin board. 


Ture Wonpers or a Living 

pERNEsS, Life, June 27, 1960. 

An excellent set of pictures of Alaskan 
animals and plants by Fritz Goro. You will 
want several copies of these for your bulletin 
board. Be sure to save the wonderful cover, 


too. 
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For the Science Teachers’ CAREERS File 


MURIEL BEUSCHLEIN 
Chicago Teachers College, Chicago, Illinois 


Whether you introduce the subject of 
careers in science as a special student project, 
as a separate unit, or incorporate it w ithin the 
scope of the many topics you teach, the fol 
lowing list may include desirable items for 
your file. The extent of easy-to-obtain ma- 
terials makes it possible for the teacher to pro- 
vide sources of information and answers to 
the many questions on career opportunities 
and career requirements. 

[he capable science teacher, devoted to 
teaching his courses, and giving formal train- 
ing in science to his students, also has the 
opportunity to inspire his most able students 
to investigate careers in science. Interested 
students have 
concerned with research, teaching or advanced 
courses, others dealing with opportunities in 


fields of either applied or economic 


innumerable questions, some 


aspects 
of science. 

[he following list of booklets and brochures 
concerned with careers in science is not as 


extensive as the comprehensive bibliographies 
and files used by guidance counselors, but be 
cause of the broad scope of career information 
and the ready availability of these free and 
inexpensive items, each teacher can establish 
CAREERS file convenient 


students or for class reference. 


his own for im 
mediate use by 

In most cases single copies are available free 
may be 


occasional item 


All entries have 


to teachers, but an 


secured in class quantities. 


been checked as to current availability and 
adequate supplies. It is recommended that 
teachers make their own selection and_ use 


school stationery for their requests, 


American Association for Advancement of Science 
noTton 1). 


1 Selected List of Career Guidai Publicat 


American Associatio! 


Secretary- reasurer 


of Coll ges of Pharmacy 


College of Pharmacy 
Uni of Illinois 
833 S. Wood Street 
Chicago 12, Illinois 


Shall I Study Pharmacy? 


ersity 


American Chemical Society 
1155 Sixteenth Streer, N. W. 
Washington 6, D. ( 


+28 


Shall 1 Study Chemi 5 cents. 
The Chemical 


Careers, $1.50 each. 


stry, 


ssion, 25 cents. 


American Dental Association 
Council on Dental Education 
222? East Superior Street 


Chicago 11, Illinois 


Careers in Dental Hygiene, 12 p. 
Careers in Dentistry, 20 p. . 
Dental Hygiene Aptitude Testing Program 
American Dietetic Association 
620 N. Michigan Avenue 
Chicago 11, Illinois 
Dietetics as a ) 
{ Dietetic Inter 
Future ls Bi 
( Yo lo cs 
D sin D 
Single copics tf teachel ing ibrarial 
cents to stude 
American Fisheries Society 
P. O. Box 429 
\icLean, Virginia 
riesasaP 
\merican Geological Institute 
2101 Constitutio Avenue, N. W 
Washington 25, 1D. ¢ 
Shall | Study G gical Sciei Single copy 
10 cents per copy in quantity 
y Study Covering Old and 
md, Ca E-xploratio Ci 
} / Single copy 
) 
Cw ©; >1.00 
\merican Heart Association 
44 | 23rd Street 
New York N \ 
De rR Write to your local « 
for booklet a eric 
\merican Ha Pla 
Career Brochurt 
Sist at Central Park West 
No York 24, N. ¥ 
1 Career | send d addre 
+ x ¥ clope 
American Institute of Electrical | ngimeci 
33 West 39th Street 
New York 18, N. 
The Indi pensa Your Ca rasa 
in Aviatio) 
American Institute of Physics 
335 | 45th Street 
New York 17, N \ 
Phy sas a Car Should You Bi 5 


List 


Ar 


y 
\ 
\ 
Neu 
\ 
\ 
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of Colleges and Universities Offering Physics American Veterinary Medical Association 

Majors 600 South Michigan Avenue 

Chicago, Illinois 

Veterinary Medicine as a Career, one copy free, 
additional copies 10 cents each. 


American Optometric Association 
4030 Chouteau Avenue 
Sr. Louis 10, Missouri 


What ls an Optometrist? The Aircraft Industries Association 

Your Eyes and Optometry 610 Shoreham Building 

Vonograph on Optometry Washington, D. C. 

‘a oa Career Opportunities in the Aircraft Industry 

American Isteopathic \ssociation 

312 E. Ohio St. Air Transport Association of America 

Chicago 11, Illinois 1107 Sixteenth Street, N. W. 

The Osteopathic Profession and Its College Washington, D. C, 

1 Guidance Leaflet, Osteopathy Career Opportunities with the Airlines 


Osteopathic Education, reprint of the annual Janu- 


Allied Chemical Corporation 
irv issue of the Journal of the Osteopathic Associ- 


P. O. Box 271 
Syracuse 1, N. Y. 
American Personnel and Guidance Association Your Career in the Chemical Industry 


605 ir ‘nue, N : 

160) iNew Hampshire (venue, N. W. Atomic Industrial Forum 
Washington 9, D. C. 3 East 54th Street 

How To Create Your Career, 1-25 copies (30 cents New York 22. N. Y¥ 


per copy), 26-100 (25 cents per copy), 100 & over 


Youtl’s Opportunities in the Atomic Industry, 40 p. 
2) cents per copy) 


NVUGA Bibliography Current Occupational Bios Vocational Series 
] ture, 1959 revision, $1.00 per copy. \rs. Frank H. Brooks 
P. O. Box 515 
Ansonia Station 
1790 Broadway New York 23, N. Y. 
New York 19, N.Y, Physical Therapy as a Career, 25 cents. 


American Public Health Association 


r Health—A Career With a Future, 25 cents Vedical Illustration, 25 cents. 
American Society of Agronomy The Medical Record Librarian, 25 cents. 
Monroe Street _ A Career in Hospital Administration, 25 cents. 
Madison 5, Wisconsin Plant Science as a Profession, 25 cents. 
What Ils an Agronomist? Forestry as a Profession, 25 cents. 
American Society of Civil Engineers Butterworth Hospital 
WW. 39th Street 7 Grand Rapids 3, Michigan 
=e New York 18, N. Y. Hospital Careers. 
Your Future in Civil Engimeering Canadian Committee on Counselling in Engineering 
American Society for Horticultural Scienc¢ and Science 
ee, Department of Horticulture 18 Rideau Street 
Michigan State University Ortawa 2, Oatario 
Fast Lansing, Michigan ’ After High School W hat? 
Horticulture—A Challenging Career Your Career as a Chemist . 
Your Career in Chemical Engineering 
To Society for Metals Career Publications 
Metals Park 
Your Career in the Metallurgical Profession, 95 p For Science Students Only, 15 cents. = 4 
Employment Outlook for Biological Scientists 
American Society of Plant Physiologists Case Institute of Technology 
Dr. G. Ray Noggle Cleveland, Ohio vy 
Department of Botany Chemistry and Chemical Engineering 
University of I lorida Chamber of Commerce of the United States 
ed ville, lorida Education Department 
Plant Physiology as a Career 1615 H Street, N. W. 
American Society of X-Ray Technicians Washington op. 
16 Fourteenth Street Education—An Investment in People, 44 p., $1.00. 
Fond Du Lac, Wisconsin How to Plan Career Conferences for Teen-Agers, 
Your Career in X-Ray 22 p., 40 cents. 
American Society of Zoologists Committee on Careers in Nursing 
Dr. Gairdner B. Moment 2 Park Avenue 
Department of Biology New York 16, N. Y. 
Goucher College Janie’s Decision 
Baltimore 4, Maryland Fact Sheet 


st Careers in Animal Biology Women with a Future 
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Curtis Publishing Company 
Educational Bureat 
Independence Square 
Philadelphia 5, Pennsylvania 
The Job They'll Never Finish reprint 

Saturday Eve g Post on map making, 


| he 
available 


from 


1 Class Quantities 


Detroit Institute of Technology 
College of Pharmacy 
2020 Witherall Street 

Detroit 26, Michigan 

Pharmacy 


Ei ( Profession, 25 cents pel 
OI discount. 
Entomological Society of America 
4603 Calvert Road 
College Park, Maryland 
Opport Professional Entomo OLY, single 


copies free 


Federation of American Societies for Experimental 


Frontiers of S« ( Foundation of Oklahoma, Inc 
1701 Republic Building 
Oklahe ( Oklahoma 


General Elect: (Company 


ition-Marketing 


1 Sy Vehicle Department 
stnut Street 
P ladelphia 4, P yiva 


nolosg 


ood Engineering 


8 So. Mi 
Chicago 3. Illino 


There Is a Place for You in the Oil Industry, suy 


intities 


itical Engineers 


) 
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New York 21, N . & 
Your Caree? as a A ro Space 


Manufacturing Chemist’s 
1825 ¢ onnectic it 
Washington 9, D. ¢ 
Frontiersman of t Future, \¢ 


Mathematical Association of 
University of Buffalo 
Buffalo 14, N. \ 
Professional 


National \cademy of 
National Research Council 
Washington 25, D. ¢ 
Career Opportunities in Bio 

NAS-NRC Pub 552, 63 


1957. $1.00. 


sciences 


National Association ¢ 
201 N. Wells Street 


Room 2100 


Your Future Is You M 
Your Va 
r Oppor 

Your O; 

Classroom weit 


ington ¢ 1). ¢ 
| 
National Broad t Compa 
Departn t of | 
30 Rockefeller Pla 
New York 20, N. 
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National Bureau of S ir 
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National Science Teachers Association 
1201 Sixteenth Street, N. W. 
Washington 6, 
Careers in Science Teaching, single copies free, ad- 
ditional copies 10 cents each. 
Keys to Careers, single copies free, additional copies 
10 cents each. 


New York Life Insurance Company 
Career Information Service 
51 Madison Avenue 
New York 10, N. Y. 
Should You Be a Doctor? 
Should You Be a Medical Technologist? 
Should You Be a Nurse? 
Should You Be a Scientist? 
Should You Be a Dentist? 
Should You Go into the Mineral Industry? 


New York State College of Agriculture 
Cornell University 
Ithaca 
{ University Education in Agricultural Science, 
single copies are available to high school science 


teachers 


Office of Civil and Defense Mobilization 
Produced by the President’s Committee on Scientists 
ind | n¢ginecrs 
Washington 25, D. ¢ 
Bibliography on Careers in Science and Engineering 


Ohio Strate University 
1) partment of Horticulture 


Columbus 10, Ohio 

Opportunities for You in Horticulture. 
Pfizer Laboratories 

Public Relations Dept. 


800 Second Avenue 


No York 17, ¥. 


Your Career Opportunities in Pharmacy 
Public Affairs Pamphlets 
2? Fast 38th Street 
Ne York 16, N. Y. 
te in Your Future—A Career in Health? 25 
cents. Public Affairs Pamphlet 281. 
Rochester Institute of Technology 
Public Relations Office, 65 Plymouth Avenue, South 
Rocheste1 New York 
Career Industrial Chemistry, no charge for single 
copies 
Scholastic Magazines 
33 W. 42nd Street 
York 36. N. Y. 
World, Including Tomorrow's Scientists, 
published 16 times a vear, subscriptions $1.50 per 
Science Research Associates, Inc. 


57 W. Grand Avenue 
Chicago 10, Illinois 


Your Future in Science. By Morris Meister and Paul 
Brandwein, 1958, 60 cents. 
Pa + of Occupational Briefs, send for price list. 


Science Service 

1719 N. Street, N. W. 

Washington 6, 

How to Get into Science and Engineering, 10 cents. 
A leaflet published by Science Service to inspire 
and inform students interested in scientific ca- 
reers, tips for the high school students, necessary 
prerequisites, how to do a science project, career 
possibilities. Postpaid 100 copies for $3.00. 


Scientific Apparatus Makers Association 

Information Committee 

20 N. Wacker Drive 

Chicago 6, Illinois 

Closing the Gap, selected bibliography on science 
education and careers. 

Bibliography on Science, Education and Careers 

Your Career with the Instrument and Control In- 
dustry 


Simmons College 
Vocational Guidance Series for Young Women 
Boston 15, Mass. 
Opportunities for Women in Biology 
The Medical Technologist 
Vathematics, Careers in Psychological 
ments 


Veasure- 


Society of American Bacteriologists 
\ir. Raymond L. Sarber, Executive Secretary 
19875 Mack Avenue 
Detroit 36, Michigan 
A Career in Bacteriology 


Society of American Foresters 
425 Mills Building 
Washington 6, D.C. 
Forestry As a Profession, 25 cents. List of accredited 
schools of forestry. 


Che Society of Exploration Geophysicists 

P. O. Box 1536 

Tulsa, Oklahoma 

Careers in Exploration Geophysics 

Solvay Process Division 

P. O. Box 271 

Syracuse 1, N. Y. 

Your Career in the Chemical Industry. 

The Upjohn Company 

9128 South Harding 

Evergreen Park, Illinois 

What Is a Pharmacist? 

What Ils a Chemist? 

What Ils a Biologist? 

U.S. Department of Agriculture 

Office of Information 

Richard A. Hollis 

Chief of Utilization and Inquiries Branch 

Washington, D. C. 

Career Service Opportunities in the USDA, Agri- 
culture Handbook #45. 50 cents from Superin- 
tendent of Documents. 

U.S. Department of Agriculture 

Soil Conservation Service 

Washington 25, D.C. 

Careers ‘in Soil Conservation Service, # 

A Soil Science Career for You in Soil Conservation 


717 


| 
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Career ) OH Soil Conserva 


St Start } Oly Career Soil ( 
Service Before You Graduate, #714. 


Early Sou Conservatioiists, Misc. Pub 


U.S. Department of Health Service 
Public Inquiries Branch 
Washington 25, D. ¢ 

Obtainable from the Superintendent of Docu 
ments, U. S. Government Printing Office, Washing 


ton 25, D. ¢ Scholarships and Fellowships, 15 
cents 
Your Career in Sanitary Engineering, PHS—#570 
tree 
Public He Servi 
D Inter U.S. Public Health Se 
Host 
PHS-—- #455, free 
H {7 Oppo y forS ry Eng 
rs, PHS + 424-C, free 
D SEE H Service, PHS—# 475 
cents 
Ca 7 H , PHS— #23, 20 cents. 
D U.S. Public Health 
He 
] Nur Pu Hea Servic PHS 
rree 
O ‘nit Physical 1 rapi n the Pu 
Ly Cos ree 
O On 0 ] ra 
P Hea 
< yl Hospitals of Pu 
H tre 


U.S. Department of Interior 
Washington 25, D. ( 
‘in t LT nit Department of the 1 
r, 195 Copies mav be obtained from. the 
Government Printing Office, Washington 25, 
1) 25 cents eacn 


U. S Department ot | abor 
Washington 25, 1) ( 
E71} ovm nt Outlook the Biological Sci 
Bulletin No. 1215-5, 1957, 15 cents. 
Department of Labor 
Women’s Bureau 
Washington 25, D. ¢ 
Professional F 
ties for Women, Bulletin 254, 20 cents. 
Employment Opportunities for Women Mathema 
ians and Statisticians, Bulletin 262, 
Is “Math” in the Stars for You? Leaflet 28. 
t Opportunities tor Women in Selected 


ing—Employment Opportum 


25 cents. 


Outlook for Wome? in Oc (pations Related to 


Ou f Wcmen in Science, 223-1-204, 15 cents 


United States Departme nt of I abor 
James P. Mitchell, Secretary 


Bureau of Apprenticeship and Training 


> 
BioLocy 


October, 1960 
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Wash ngeton, LD. ¢ 
Planned Training 


{ ppre ntice 


College Biology Teachers 


\Mlidwestern College 
Biology Teachers will hold its fourth annua 
meeting at Mankato State College, Mankato, 
; 22. 1960. Any 


teacher of the biological sciences in a college 


Ihe Association of 


\linnesota, on October 


or university located in a midwestern state is 
attend the 
meetings. \lembership dues are $2.00 pavable 


invited to become a member and 


at the meeting, or to the Secretary- Treasurer. 
Information and reservations for this vear’s 
meeting may be obtained by writing Dr, 


LaRoy Zell at \lankato State ( ollege. 


Ihe Association, founded at Drake Univer 


sity in 1957, has a membership of about 300 
college and university teachers of biological 
sciences. Its purpose is to further the te chine 
of biological sciences at college and other 
levels of educational experiences; ta bring to 
light common problems involving biological 


curricula at the college level 


by the free ex 
change of ideas in the endeavor to resolve these 
problems, to promot research by both teach- 
ers and students; and to create a voice which 
will be effective in bringing the collective 
views of college biology teachers to college 
and civil government idministrations. 

Officers for the current year are Ted F. 


Andrews, Kansas State Teachers Co lege 
poria, President, William Kk. Stephenson, Far! 
ham College, Ist Vice President; LaRoy Zell, 
Mankato State College, 2nd Vice-Pres‘dent; 
and John M. Hamilton, Park College, 


taryv- reasurer. 


Secre- 


Leaflets 


The National Committee for Natural Areas 
for Schools have published the following leat 
lets: “The Site for the New School,” “Indoor 
Fquipment for Outdoor Education. at 
Schools.” “A School-Grounds Plant Exhibit,” 
“Checklist of Educational Environments Desir 
ale on School-Controlled Property 
wailable from John W. 
Colle: 


y 


Ihe leaflets ars 


Spring fie 'd 


Brainerd e, Sprinefield, 


\lacs 
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Barnacles in Fact and Fiction 


JOSEPH L. PARKHURST, JR. 
Colonia, New Jersey 


[he dictionary might be considered a likely 
jlace to introduce readers to the word barna- 
cle, usually defined as a type of marine crus- 
tacean, and sometimes as a persistent hanger- 
on. It comes from the French bernicle, mean- 
{ and refers to a medieval belief, 
through the Seventeenth Century, that 
hatched from the barnacle-like 
Probably this legendary “barna- 
waterk 


ing W ild 
held 
goslings were 
fruit of trees. 


| was an old 


cle tree” branch 
washed ashore and covered with hundreds of 
little white shells. In the eyes of the early 


naturalists these shells appeared to be stuck 
on like acorns to an oak tree suggesting the 
name seca-acorns. 

\nother fictitious story about barnacles was 
traveler of the Middle Ages, Sir 
John Mandeville, supposed to be the author 
of a pe pular book of adventures and marvels. 
His narrative includes an account of 
sort of tree in the Far East whose ripened 


told by ad 


some 


it 


i 


fruit cut in two revealed baby lambs. 
Georges Cuvier, the eminent professor of 
comparative anatomy in Napoleonic times, 
classified the barnacles as moliosiee. and kept 
them in that tribe in spite of new disclosures. 
By making a study of plankton and the life 
histories of its members biologists found that 
the barnacle was really a close relative of the 
crab. A few lines from “Life, in its Lower, 
Intermediate, and Higher Forms,” by the mid- 
Victorian naturalist, Philip Henry Gosse, ex- 
plain the closing moments of the barnacle’s 
embryonic life in the sea drift. “In this stage 
the little animal searches about for some suit- 
able spot for permanent residence; a ship’s 
bottom, a piece of floating timber, the back 
of a whale or turtle, or the solid rock. When 
its selection is made, the two antennae, which 


project from the shell, pour out a glutinous 
gum or cement, which hardens in water, and 
firmly 


attaches them. Henceforth the animal 


of 
| 


\ 


Ivory barnacles, Balanus eburneus 
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is a fixture, glued by the front of its head to 
its support.” 

Thick plates of lime fit together like a tent 
around each acorn-shell, with a hinged lid 
at the top, protecting them from the heaviest 
surf. Noting the characteristic feathery legs 
hidden under this lid, barnacles as a group are 
called Cirripedia, using these appendages to 
sweep load particles from the water. ‘This 
fishing activity is sketched poetically in a 
little book by Celia Thaxter, who spent much 
of her life on the Isles of Shoals, off Ports- 
mouth, New Hampshire. “At the water's edge 
one finds the long ledges covered with barna- 
cles, and from each rough shell a tiny, brown, 
filmy hand is thrust out, opening and shutting 
in gladness beneath the coming tide, feeling 


the freshness of the flowing w ater.” 


Barnacles are probably best known as fouling 


agents on ships’ bottoms, and the latter are 


sent into drv dock periodically to be scraped 
} } 


» 
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clean. In his handy guide, “Common Objects 
of the Sea-Shore,” the Rev. J. 
ments on these ship mates below the water 
line. “These creatures are often found clinging 
in great numbers to the bottoms and keels of 


G. Wood com- 


vessels. sometimes interfering with their speed. 
LT heir growth is very rapid, and it has often 
happened that a ship has started upon a short 
voyage without a single barnacle adhering to 
her planks, and vet has come back encumbered 
with a whole army of them.” 

If there is one distinction the barnacles have 
attention they received from the 
famous naturalist, Darwin. 
period of several years he made an 


it is the 
world Charles 
Over 
exhaustive study of the whole group, includ- 
Ing many specimens brought back from. his 
elobe- circling VOY age in H. M.S 
After Darwin, 
garded as one of the ocean’s unsolved mys- 


‘Beagle.” 
barnacles were no longer re- 
teries but they remain an absorbing subject 
tor beginners. 


Eye Pigments 


lhe common housefly may help to explain 


how our eves are able to distinguish colors. 
\ vellow pigment has been isolated from the 
eves of houseflies. and its use in research is 
expected to bring forth new facts about the 
light- sensitive pigments that make color vision 
possible, according to Dr. J. M. Bowness, bio- 
chemist in the Biophysical Research Labora- 
tory of the University of Pittsburgh Eve and 
Far Hospital. Such research may ultimately 
lead to a better understanding of color blind- 
ness, he added. 

\ few 
found in the human eve and i 
chickens, honey bees, and cattle, Dr. 
said, but they have all been red, blue, or 
to explain the 


and in- 


light-sensitive pigments have been 
in the eyes of 


Be 


purple. It has been impossible 

sensitivity of animals, 

sects to different colors (different wa\ elengths 
yf light) in terms of these visual pigments. 


human beings, 


Ihe vellow pigment, however, ties in with 
the fact that insects are known to be attracted 
by light of considerably shorter wavelength 
than is visible to human beings. 

Vision is thous gh t to depend upon the pres- 


ence in the eve 
chemically when light falls upon them, the 


f pigments that are changed 


speaker explained. The fact that they differ 
in color indicates that they absorb light of 
different wavelengths. It has been observed 
that in human — the eve is stimulated by 
700. milli- 


microns (a millimicron is less than a twenty- 


waveleneths rans ng from 390 to 


millionth of an inch). The human eve. how- 
ever, 1s less responsive to light near the ex- 


treme violet and red ends of. the spectrum 
than to light in the center. Insects are at- 
tracted by light with considerably short wave- 


leneths, averaging about 360 millimicrons. 


Dr. Bowness pointed out that several 


visual pigments have been identified, in- 


cluding rhodopsin responsible for night vision 


and iodopsin thought to aid daylight color 
vision. But not enough have been found 


vet to account for the differences among 


various animals or provide a factual basis 


for some of the theories of color vision. 


Microbiology Issue 

The June, 1960, issue of ABT has been an 
overwheiming success if requests for issues are 
any criterion. | xtra copies mav be obtained from 
Executive Secretary, American Society of Bac- 
teriologists, 19875 Mack Avenue, 


Michigan. 


Detroit 36, 
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Xenopus laevis: An Excellent Laboratory Animal 


WAYNE WESTMARK 
Florida State University, Tallahassee 


[he search for suitable laboratory animals 
has plagued high school biology teachers for 
many years. The selection of an interesting as 
well as a useful demonstration animal presents 
even more of problem. The indispensable 
laboratory animal such as the leopard frog and 
the salamander are used in most all biology 
and physiology classes. Even to the more so- 
phistic ated biologist the beauty of these ani- 
mals is never lost. However, the student may 
become bored with seeing these routine lab- 
oratory animals every day. One way of solving 
such a problem is to bring to the lab in- 
teresting specimens, a very ‘good example of 

hich is the tadpole of the Xenopus lae VIS, or 
the South African clawed toad. 

I hy tadpoles are entirely transparent ex- 
afew random chromatophores on the 
\s the animal grows 


cept 


dorsal rt of the body. 


Figure Dorsal view of mature tadpole. 


larger and progresses towards metamorphosis, 
the chromatophores become more numerous 
and eventually cover the entire animal. 

The transparency of the animal is a feature 
that is invaluable in studying its anatomy and 
morphology. All the organs of the head and 
some of the organs of the trunk can be viewed 
by placing the “animal in a half-filled petri dish 
and putting it under a binocular dissecting 
microscope. This gives the student the oppor- 
tunity to study the organs at any time as well 
as to make an over-all study of metamorphosis. 

Of particular interest are the heart, eye 
(optic nerves), otic capsule, chromatophores, 
and the circulatory system. All of these struc- 
tures are clearly visible under a dissecting 
microscope. 

This animal is quite adaptable to laboratory 
conditions and requires only a small amount of 
care. The adult frog is strictly carnivorous, 
feeds only while in the water and is entirely 
aquatic. The frog gets its name from the fact 
that it has clawed toes; it has neither teeth 
nor tongue. 

The frogs may be kept in a small, square 
or round aquarium with several inches of 
water. They may be fed a variety of things 
such as ground beef, beef liver, beef kidney, 
and pork kidney, and should be fed once or 
twice a week. The water should be changed in 
the aquarium 12-24 hours after each feeding 
to prevent fouling of the water. 

In its natural habitat the male frog stimu- 
lates the female frog in the early spring. 
However, these animals can be bred success- 
fully in captivity with high yields of eggs 
throughout the year. The ‘female is injected 
with 400-600 units of chorionic gonadotrophin 
and the male with 200-300 units. For best re- 
sults the needle should be inserted just under 
the skin on the posterior dorsal part of the 
hind leg and passed cephalad just anterior to 
the cloacal opening. Inject the gonadotrophin 
into the lymph sac and place the animals back 
in the water to spawn. In 6-8 hours the egg 
laying should be at its maximum. After the 
spa ning is completed, remove the eggs to 
fresh clean water. Within five days the young 
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Figure 2. 
morphosis of the tadpoles. 


Dorsal view of various stages of meta- 


tadpoles should be free swimming larvae. 

At this stage they are ready to begin feed- 
ing. It is interesting to observe that within an 
hour after food has been added to the aquari- 
um, the animals begin to surface and take 
gulps of air. This marks the point at which 
they start using their lungs. 


= 


AMERICAN 


EACHER October, 1960 

As the tadpoles feed, they assume a diagonal 
position in the water. This “head down” posi- 
tion is due to the extra large head of the tad- 
pole making them “front heavy.” To counter- 
balance this unequal distribution of weight, 
the tadpole maintains a constant, rapid w hip- 
like motion of the extreme tip of the tail. This 
prevents the animal from sinking head first to 
the bottom of the aquarium. This whip-like 
motion of the tip of the tail is not to be con- 
fused with the undulating movements of the 
entire tail which propel him through the 
water. 

Liver powder is the best food to use for 
these animals since it can be purchased ready 
to use. Unless the tadpoles are overcrowded, 
| mg. of liver powder per animal per day is 
If the 
becomes fouled due to excess food, rhe at 
Ihe water 


sufficient for normal growth. aquarium 
nount 
should 


food intake 


will have to be lessened. 
never need changing if the proper 


is maintained. 


Salt Water 


\ new labor atory machine that can split 


the salt and essential minerals from sea water 
multiple 
cine against communicable diseases—has been 
described. The 
is called, separates mixtures of 
means of combined chemical and electrical 
methods, Dr. Arthur Karler, 
gee of the Karler Laboratories, Berkeley, 
Calif., said. 
“Te actually 
component fractions somewhat as a glass prism 
lioht into its characteristic 
spectrum of rainbow colors,” Dr. Karler ex- 
[he main part of the apparatus is a 
\ solution is fed 
in at the top, and a continuous direct elec- 


and that may make possible a vac- 


“spectrolator, * as the machine 
substances by 


chemist and bio- 


splits up various substances into 


separates white 
plained. 
filter paper curtain, he said. 


trical current passes across the fluid as it runs 
down the curtain. The degree of separation 
of the fluid components ts governed by the 
electrical voltage and the speed at which the 
fluid is fed. 

“Each component builds up its own path 
be collected in a 


through the curtain, to 
ified state at its respectin S position across the 
curtain,” Dr. Kaler said. “As 


pur- 


example, if 


ocean water is processed, the vield would be 
pure water at a center drip point, with nega- 


ed fractions of the 
mineral molecules) on either side. With greater 


tive and positive 1ons (chare 
separation, pure water is collected at the cen- 
nesium hydroxides 
and chlorine and 
bromine gases and certain acids on the other. 


ter; sodium calcium and mas 


~ 


are collected on one side, 


Thus the spectrolator makes possible, simul- 


taneously with salt water conversion, the ex- 
traction of the many essential minerals present 


in unlimited sup ph Vy in ocean water. 


Science Encyclopedia 


Phe McGraw-Hill Book Company an- 
nounced that it has finished and sent to the 
printer the manuscript of the largest technical 
publication ever undertaken in the English 
language—an Encyclopedia of Science and 
Te chnology. 

Phe work will published in fifteen large 
7,224 articles 
of these contrib- 
e corps of consulting 


volumes this fall and will contain 


written by some 2.000 ; 
spective subjects. The work 
utors was guided by a lare 


editors, each a specialist in one of 62 assigned 
fields of 


science, 


enginee r Ing, 
agriculture, 


mathematics, phy sical 


life science, earth science, 
conservation, meteorology, space technology, 
ere. 
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BOOK REVIEWS 


Zutu JournaL, Raymond B. Cowles, 267 pp., 
$6.00, University of California Press, Berkeley, 
California, 1959. 

This is a book which I think every biologist 
should read. Professor Cowles, Professor of 
Zoology at the University of California, Los 
Angeles, is an active conservationist and has 
served as consultant to Walt Disney on The 
Living Desert and to Life magazine. In this book 
he recounts his observations in Natal, a_ little 
country on the east coast of Africa. From there 
he was hurried aw ay to school in the United 
States in the early 1900's, leaving him with mem- 
ories of a primitive Africa already undergoing 
profound ecological change. He returned in 1925- 
27 and again in 1953. The result is this book. 

‘These old men of the Zulu love to reminisce 
over their beer pots, but their memories are fad- 
ing fast.” savs Professor Cowles. “In most native 
reserves these men tell of the days when the 
Zulu impi (armies) ranged abroad ravishing the 
country and keeping population down. In those 
days the bush was abundant in the valleys, and 
between the bush and on the highlands, etafeni, 
there were miles of tall grasses rippling in the 
breeze and swarming with game. There was more 
than enough grazing for the wild and domesti- 
and the ranges were never over- 
grazed.” But, he continues, “The multitudes con- 
, crops and then, from dire necessity, 
destroy the land from which they get their sus- 
tenance. And yet we speak of man’s conquest of 
nature as though it were an unmitigated blessing, 
and our statesmen and politicians with no recog- 
nition of population growth, carelessly speak in 
one breath of both eliminating disease and raising 
the standard of living of the world. Without 
man’s careless irresponsibility for 
his reproduction, we can never achieve the millen- 
nium that has been so nearly within our grasp, 
but instead fumblingly and ignorantly, we may 
go down to defeat.” 

Reminiscence is always hard on the reader 
when he has shared the same experiences as the 
writer even though they be a hemisphere apart. 
And evervone born before 1920 has shared some 

F Professor Cowles’ experiences if he has eyes 
the changing natural world about him. 
Here on this page one dies a little with the vanish- 
but there on another he relives some 
brilliant moment of pure beauty. Between these 
extremes are some fascinating insights into natural 
history and the ecology of man. This is a think- 
ing man’s book, but it is, perhaps unfortunately, 
not very well filtered for the tender minded w ho 
want to see only the beauty of nature and let the 


rest go. 


cated animals, 


sume the 


victory over 


to see 


ing game, 


One of the many original ideas w hich Professor 
Cowles presents is the startling hypothesis that 
the black skin of the African is actually conceal- 
ing coloration in nature. Against the natural back- 
ground of bush forest, the blacks are only dimly 
perceptible, just as the striped zebra tend to disap- 
pear against a distant landscape. Civilization has 
unmercifully reversed the situation for the blacks. 

Africa is profligate of life. Professor Cowles 
describes in detail the great flights of winged 
termites which leave the nests to mate and found 
new colonies. These eruptions occur over vast 
areas, where through the activities of many spe- 
cies of termites the woody condiments of plant 
growth are converted into ‘edible proteins, carbo- 
hydrates, and fats to be flung back into the 
ecosystem by the mating flights. Man, beasts, and 
birds gather to partake of the tasty feast—today, 
perhaps even more than in the past, for “rocks are 
sprouting” where Zulus plant their fields. 

“With a crescendo of painful realization,” 
Professor Cowles concludes, “I perceived more 
sharply than before that without first solving the 
problems of man, most forms of plant and animal 
life of this fair land would in due time be de- 
stroyed forever; and that beyond the bounds of 
South Africa, almost everywhere on our globe, 


man’s uncontrolled increases in numbers will 
threaten all forms, although a few adaptable 
species may locally survive.” Let us hope that 


among the adaptable species will be man. 
Frank N. Young, /ndiana University 


BroLocy, Kroeber, Wolff, Weaver, 646 pp-, D. C. 
Heath and Company, Boston, Mass., 1960. 
This is the revised 1960 edition of the textbook 

which appeared in 1957. The cover has been 

changed to a more subdued art work from the 

earlier edition, but the illustrations in the 1960 

version are rather remarkable. There is an abund- 

ant use of color photographs, and most of the 
illustrations are new and the reviewer has not 
seen them in other textbooks. 

The outline of the book follows a traditional 
approach similar to one of the other best sellers 
in the high school biology textbook field. Perhaps 
a listing of the units would be helpful to under- 
stand this point. They are: How Living Things 
Are Alike; The Many Kinds of Plants and Ani- 
mals; Plants, The World’s Food Makers; How 
Our Bodies Work; Why We Behave As We Do; 
Bacteria and Health; Reproduction; Heredity and 
Environment; The History of Living Things; 
Conservation; and Radiation and Space Biology. 

There are several unusual treatments in the 
book which deserve special notice. The signs of 


437 


0) 
al 
i- 
a 
it, 
p- 
thy 
CO 
AC 
n- 
\ 
d, 
1S i 
it 
ld 
i 
1e 
Al 
i 
it 
1 
h | 
O 
| 
|| 


438 THe AALERICAN 


the times are evident in the unit consisting of a 
chapter on radiation biology and one 
The radiation biology is chiefly taken up 


on space 
biology. 
with the treatment of how 
biological Radiation 
cells are treated also at some length. 
atoms are used to illustrate the meaning of iso- 


isotopes are used In 
effects on living 
Diagrams of 


research. 


topic forms. The space biology chapter concerns 
effects of acceleration and 


effects that might be 


as well as the psy- 
chological anticipated in 
such travel. 

Still another unusual treatment in the book is 
a series of field trip guides, beautifully illustrated, 
book which, of course, 
They are 


at the beginning of the 
can be used at the teacher’s discretion. 
excellent introductions to field trips, giving the 
students specific directions as to what to look for 
and how to look for them. 

The treatment of structures of traditional or- 
ganisms used in high school biology is reserved 
for the uppendix. Here the traditional diagrams 
are located giving the parts of the animals as well 
as dissected VIEWS. 

One of the disturbing points in most high school 
biology books is the treatment of the concept of 
While there is a full treatment of this 
topic, the word is used rarely in the treatment, 
but at least it can be said that it is used. DNA 1s 
described in sever: | places in the text, but the 

DNA and the gene is a point upon 
ytd will probably be able to stir 


evolution. 


equatin 

which 
up a real argument with many _ professional gen- 
W hile the 
being modern 
Che traditional formula for pho- 
but the text includes the 


eticists. treatment of F photosynthesis 1S 


advertised as and up to date, it is 


indeed sketchy. 


tosvnthesis is still used, 


idea that energy with chlorophyll is used to 


split water n olecu les. This concept seems to be 


missing in many of the traditional high school 


biology 


[here is an 


books 


ibundance of information in the 


book which shoul be of real benefit tO both 
students and teachers. Early in the book there 
are hints on how to study the course as well 


this specific book. Chapter-end materials include 


vocabulary drills, Test questions, project ideas, 
and extra reading materials. 
There is an extensive treatment of human 


ind microbiology 1S centered 
This is rather 


bacteriology 


health problems, 
this particular unit unfortunate, 
primarily because the naterial is 
tied up with pathogenic forms chiefly. 


This new text is fairly illustrative of the new 


types of high school biology textbooks that have 
They are 


appeared within the last five vears. 


handsomely and profusely illustrated, the arr: Inge 
ment of the textual materials is rather traditional, 


and a great effort is made to tie in some of the 


new ideas and erials from biological research. 
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Also, there is a minimal treatment of the physical 
basis of biology, but there seems to be a strong 
assumption that much of the molecular view of 
matter has been taken up in previous courses. The 
publishers indicate that the reading level of the 
book is from grades 8.5-9. All in all, this is a 
addition of high 
school biology texts that are now on the market, 
It should be consulted MOST thoroughly for pos- 


worthy to the extensive group 


sible use. 


P.K. 
LABoRATORY IN PLANT ANATOMY, Kather- 
ine Esau, 32 pp., $.75, John Wiley & Sons, Inc., 
Ne W York, New York, 1960. 


This inexpensive lab manual is designed pri- 
marily to be used with the author’s ANATOMY) 
OF SEED PLANTS ana should pro\ e quite satis- 
factory for courses in plant anatomy. For most 
of the 
are indicated so that 
dithculty finding 


Various COpics. 


exercises several choices of pant material 


shor ld 


illustrate the 


teachers have no 


material to 
harles b. Heiser, Jr., /udiana University 
BIOCHEMISTRY OF Sreroiws, Erich Heftmann, 
krich Mosettig, 231 pp., 36.90, Reinhold Pub- 
lishing York, 1960. 
This book and concise manner 
an area which otherwise can only be studied by 


articles 
with the 


Orporation, New 
treats in a cleat 
books, ind 
together 
ctural formulae, will be of 


reading numerous reviews, 


The manner of presentation, 


generous use of sti 


great value for the many students, research work- 
ers and teachers in’ biochemistry, physiology, 
endocrinology, and pharm cology. The book 
should also ippeal to the biology reacher, not 
only because of its timeliness, but because it 


touches upon many fascinatin 1g areas. I he eCX- 
tensive bibliography 1S helpful for those who 


want to become more acquainted vith special 


spects of the steroids. The price of the book 1s 
not excessive. 
Willem van Wagtendonk 


Frank 


Press, 


Rusty Lizarp, W. 
$4.50, University of Texas 


). 


I his book 


teache r, not only 


Blair, 185 


Austin, Texas, 


should be of value to the biology 
for the results of the special 
which it presents but also as the source of 


rusty 


study 
tivities. The 
elative of the 


many ideas concerning field ac 
lizard, Sceloporus olivaceus, is a 
fence 


other 


dulatus o1 


common eastern Sceloporus wi 


swift. The latter in the East and many 
species of the genus in the West and Southwest 
Blair’s meth- 


can be studied profitably using Dr. 
and lots of 


ods by anyone with a little equipment 


patic nce. 
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Dr. Blair, his wife, and a group of graduate 
students marked and observed over 3000 indi- 
vidual lizards in the population on a 10-acre plot 
of eroded river terrace near Austin, Texas. Near- 
ly every aspect of biology was considered. Food, 
predators, temperature relationships, growth, re- 
production, and social activities are a few of the 
subjects on which detailed observations were 
made. 

The results of this study are significant for 
many aspects of ecology. Dr. Blair concludes that 
the lizard population on the area is a dynamic 


system, adapted to and adjusting to the pressure 
of the environment in which it occurs. The 
“rusties” are an important link in the local food 


chain; they represent the primary converters of 
small insects into larger food packets and thus 
support numerous birds, mammals, and other 
reptiles. The sum total represents one of the 
most complete reports available on the ecology 
of anv lizard. 

The w riting, printing, and illustrations are all 
of the highest quality. Since I once narrowly 
missed shooting Dr. Blair, | would be ungracious 
not to give his book favorable notice. It does not, 
Its excellence is 


however, need any concession. 


evident from introduction to conclusion. 


Frank N. Young, Indiana Universit) 


Srupy Guipe AND WorkBook For GENETICS, Irwin 
274+ pp., McGraw-Hill Book 
New York, 1960. 

\ fine book of lecture notes, bibliographic refer- 
ences, questions and problems, and periodic exam- 
inations based on a televised course financed by 
the Fund for the Advancement of Education. 
such outstanding geneticists as 
Cleland, E. Jack 


H. Herskow Itz, 
Company, Inc., 


Lectures are by 


L. C. Dunn, R. FE. 


Schultz, J. F. Crow, C. Stern, G Beadle, H. 
J. Muller, Th. Dobzhansky, G. Stebbins, 
M. Sonneborn, FE. B. Lewis, R. A. Brink, J. D. 


Watson, and J. Lederberg. Some of the questions 
are based on the televised lecture and are not 
answered from these notes, but they are 
provocative and real problems for the student. 
Illustrations aid the explanation of the concepts 
which start with very simple Mendelian laws to 
the origin of life. It is an unusual treat for teach- 
ers and students to see between the covers of one 
book the compiled wisdom of these geneticists. 


Highly 


readily 


recommended. 
P.K. 
Science AND LiperaL Epucation, Bentley Glass, 
115 pp., $3.00, Louisiana State University Press, 
Baton Rouge, La., 1959. 
Three seemingly unrelated essays which do 
have relationships are here presented by a dis- 


tinguished biologist. The first essay, one of three 
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given as lectures, takes up the significance of 
genetics in modern history and points clear impli- 
cations for the future of man. The improvement 
of man through genetics is given extensive treat- 
ment. The third essay also deals with genetics 
but primarily from its evolutionary and ethical 
significance for the future of man. More questions 
are asked than answered, but it is important to 
have them asked at this time. Sometimes the com- 
plexities of philosophical terms seem to get 

the way of the essay’s development, but they are 
probably necessary to get things underway. 

It is the second essay which hits hard a theme 
which will probably receive greater emphasis in 
the future. It has been pointed out before, as the 
author shows, but it needs the added punch of 
this work. The theme is simply that science is the 
core of a liberal education and must be taught 
in this way. This is not to relegate all other sub- 
jects to a secondary role, but it is to point out 
how consistently they have ignored the progress 
and importance of science. After all, science em- 
bodies the most important facet of a liberal educa- 
tion, freedom of the mind which comes from the 
pursuit of truth, and it must be made the basis 
of a liberal education in a modern sense. The 
academician and professional person in other 
fields is not truly educated until he sees and ap- 
preciates modern science. Science teachers have 
much work to do. 


P.K. 


EVOLUTION ABOVE THE Species Levert, Bernard 
Rensch, 419 pp., $10.00, Columbia University 
Press, New York, New York, 1960. 

This thoughtful book presents a consideration 
of evolution as a multiple rather than a single 
process. Dr. Rensch believes that macroevolution, 
like mutation, is basically undirected. Persistent 
selection and constant correlations may encourage 
the emergence of certain trends. This book also 
reviews the evolution of psychic phenomena, 
parallel to the phylogenetic development of nerve 
centers and sense organs. The book is devoted to 
a detailed study of evolution above the species 
level. It is a w ey written and thoughtful book. 


>. J. Goodnight, Purdue University 


INTRODUCTION TO Foops AND Nutrition, Gladys 
Stevenson and Cora Miller, 517 pp., $6.25, John 
Wiley & Sons, Inc., New York, 1960. 
Designed for a one-semester college course in 

nutrition in home economics. The first chapter 

concerns itself with a cursory summary of the 
biology of food while the rest of the book is de- 
voted all the w ay from food preparation to the 

Pure Food and Drug Act. The introduction be- 

gins with the problem of food in space travel. 


P.K. 
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VIARINE 


Institute of 


American Biological Sciences, 


Washington, D. C., 1959. 

This is a translation of The Transactions of 
The Institute of Oceanology, U.S.S.R., Vol. XX. 
There are thirteen articles, all technical reports 


of interest to specialists but unlikely to be of 
interest to the general biologist. 

Sears Crowell, Indiana University 

HisToLoGicaAL AND HistocHEMICAL TECHN:cs, Har- 

old A. Davenport, 401 pp., W. B. Saunders 

Company, Philadelphia, Pa., 1960. 

\ new m icrotechnique manual which biology 
teachers should examine for inclusion on the ref- 
erence shelf. There are a few introductory chap- 
ters and then 


extensive knowledge 


succeeding chapters take up the 


and techniques used in the 


major steps involved in preparin @ materials for 


microscopic examination. They are: fixation 


washing, dehydrating, and clearing; embeddin 


equipment for sectioning; technique of sectionin 


mounting and covering; and staining. There are 


other sections on fixing and staining formulae, and 


] 


techniques involved. The conc luding section ts 01 


histochemistry, indicating the techniques and 1 


agents involved in identifying inorganic and ¢ 


B. N. Nikitin, 302 


October, 1960 


BioLoGcy FACHER 


ganic materials in tissues. The book will probably 
be used as a text in . 
and may be used in conjunction with sketchy in- 
structions other Although jl- 
lustrated, there are areas which would profit from 
additional drawings and diagrams. A fine 


histological technique courses 


found in sources. 
refer- 
ence book tor the high school biology laboratory. 
P.K. 


FamMILy Mepicat ENCYCLOPEDIA, 
us Schifferes, 619 > 0, 
New York, 
\ paper-back 


tion encyclopedia-dictionary 


SCHIFFERES’ Just- 
Permabooks, 
1959. 


“Doctror’s Book” with a combina- 
approach. | iberally 
illustrated with line drawings, the range of topics 


boo k 


great many recognized he ms 


covered is quite ~~ . The seems to have 
the sponsorship ofa 
agencies. First-aid is built into the book 
many places. 


P.K. 


> Penrose, 146 
pp., $2.50, John Wiley & Sons, Inc., New York, 


HuMAN Genetics, L. 


which summarizes and out- 


An English book 
essential and latest information 


As usual, the 


lines some of the 


on the subject. stvle is an easy-to- 


Just Off the Press -- 
WARD'S BIG NEW 


BIOLOGY CATALOG 


Comp'etely revised from cover t cover to me 
f today teaching t biologists— 

The Biology Teachers one complete source 
ru ti? | 


Check these valuable features: 


New listings of Live Cultures 


Ward Quality Preserved Specimens 


Animal Kingdom Collections in Bio-Plastic and Jar Mounts 


The finest Human and Anima! Skeletons available 


Expanded listings of Microscope Slides 
New Color Slides for Zoology 
Many new items of Biological Equipment 


Earth Science section, 
and junior colleges introducing earth science 


Catalog sent free of charge to teachers! (Please give us your school address.) Write 
for it today— it will help you throughout the year. Ask for Catalog 608-AB. 


WARD'S NATURAL SCIENCE ESTABLISHMENT, 


P. O. Box 1712 


Western teachers 


especially designed for 
courses 


write to—WARD'S OF CALIFORNIA, P. O. Box 1749 Monterey, 


high schools 


INC. 


Rochester 3, New York 


California 
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read one, although many difficult and modern 
concepts are taken up. The treatment of eugenics 
js an interesting one which should stimulate a great 
deal of discussion in a class. Although the book is 
illustrated, mostly by pedigree charts, this seems 
to be one of the weak points of this endeavor. 
Elementary genetics is taken up step by step, but 
human examples are consistently used. This 
should be a good book for the science reference 
shelf. 


P.K. 


Movers Generar Science, Alan H. Humphreys, 
256 pp., $2.00, The Steck Company, Publishers, 
Austin, Texas, 1959. 

\ combination text and workbook for general 
science. The scope of the subject is almost alarm- 
ing, but the review of biology was of most inter- 
est to this reader. It is really astounding how 
many concepts and fundamental ideas are taken 
up in a brief space! The treatment of photosyn- 
thesis is the most complex—and probably the most 
that | have seen in any of the current 
high school texts. While genetics is taken up, evo- 
lution 1s 


accurate 


ignored. High school biology teachers 
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should look this over—as they should other gen- 
eral science books—to see what their students 
should know befere they have them. 


P.K. 


GrowtH Diacnosis, Leona M. Bayer and Nancy 
Bayley, 240 pp., $10.00, University of Chicago 
Press, Chicago, Illinois, 1959. 

High school teachers, of biology especially, will 
probably have a substantial interest in the physical 
growth aspects of adolescence. This book will be 
the standard reference book in this field, especial- 
ly when predictions as to future height and 
weight are called for. It is a book employing 
anthropometric techniques to diagnose growth 
variations from the normal patterns and to make 
predictive tables. For some time the old “cor- 
rect” weight for specific height tables have been 
outmoded by new research. This work attempts 
to show how longitudinal growth research has 
produced some new tables. 

In short, this book shows how anthropology 
and medicine can cooperate to produce solid re- 
search of value to physicians and health author- 
ities who must assess the growth pattern of 


USEFUL OPTICAL BARGAINS 


Just the Thing for Examining Insects, Butterflies 
Fine, American-Made 


STEREO MICROSCOPE 


Up to 3" Working Distance — Erect 
Image — Wide 3 Dimensional Field 
Now, ready after years in development—this 
instrument answers the long standing need 
~. for a sturdy, efficient STEREO MICROSCOPE 

~ at low cost. Used for inspections, examina- 

uations, counting, checking, assembling, dis- 

secting. 2 sets of objectives on rotating tur- 

ret. Standard pair of wide field 10 X Kellner eyepieces give 

you 23 power and 40 power. Additional eyepieces available 

for greater or lesser magnification. A low reflection coated 

prism erecting system gives you an erect image—correct as 

to right and left—clear and sharp. Helical rack and pinion 

focusing. Interpupillary distance adjustable. Precision, Am- 
erican-made! 

10-DAY TRIAL... 

Order Stock No. 85,056-AX......... 
(Shipping wt. approx. II Ibs.) 


NEW! ROTATING MICROSCOPE STAGE 
Shows TOP and SIDES of Subject! 
A brand-new development of Edmund. This 
IF Rotating Microscope Stage permits examina- 
tion of top and sides of gems and minerals 
without moving subject or holding by hand. 
4 Angled first surface mirror allows this top-and- 
side inspection. A touch of the finger revolves 
center platform and rotates subject under 
microscope. Flat edge of wheel indicates com- 
plete revolution. Sturdy metal with plastic ro- 
tating parts — size 2” x 2” x 2”. 
Stock No. 50,269-AX............ $9.95 postpaid 


complete satisfaction or your money back. 
$99.50 f.0.b. 
Barrington, N. J. 


ORDER BY STOCK NUMBER .SEND CHECK OR MONEY ORDER. 


Offspring of Science .. . REALLY BEAUTIFUL! 
Circular DIFFRACTION-GRATING JEWELRY 
A Dazzling Rainbow of Color! 

This new kind of jewelry is capturing atten- 
tion everywhere. Shimmering rainbows of gem- 
like color in jewelry of exquisite beauty— 
made with CIRCULAR DIFFRACTION-GRAT- 
ING REPLICA. Just as a prism breaks up light 


into its full range of individual colors, so 
does the diffraction grating. 
Stock No. 30,349-AX Earrings $2.75 ppd. 
Stock No. 30,350-AX Cuff Links ..............000000e $2.75 ppd. 
Stock No. 30,372-AX Pendant ...............00eeeeeee $2.75 ppd 


Stock No. 30,390-AX Tie Clasp ................00.005. $2.75 ppd. 


ERECT IMAGE LOW POWER 
MICROSCOPE 5X, 20X 


' $60.00 Value — Only $19.95 
Extremely sturdy with rack and pinion focusing, 
color corrected optics, turnable microscope body 
ifor inclined viewing, three different powers, long 
— distance under objectives, sufficient eye 
relief for easy viewing. Made from war surplus 
optical instrument so that you actually get 
$60.00 of value. Weighs 4 Ibs., 13"' high. 10-DAY FREE TRIAL! 
Accessory objectives available for powers of 15X, 30X, 40X. 


GET OUR BIG FREE CATALOG No. AX 
128 PAGES! OVER 1,000 BARGAINS! 
We have the world's largest variety of Optical items. Bar- 


ains galore... ar Surplus—imported—Domestic! 
ur stock includes Microscopes, Telescopes, Satellite Scopes, 
and Spectroscopes, Prisms, Lenses, Recticles, Mirrors and 


dozens of other hard-to-get Optical items. 
Ask for FREE CATALOG No. AX 


SATISFACTION GUARANTEED! 


EDMUND SCIENTIFIC CO., BARRINGTON, N. J. 
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NOW YOU CAN VISIT 


“= BAUSCH & LOMB 


Teale) (-> 
MICRO-PROJECTOR 


Project fixed microscope slides 
or living micro-organisms onto 
a wall screen, or table-top for 
tracing. Change-over is quick 
and easy. (Meets requirements 
of C.C.S.S.0. Purchase Guide, 
Nos. 2610 and 2615.) From 
$150.00. (Price subject to 
change.) 
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30 DESKS AT ONCE 


Add fuller understanding to each student's 
microscope study right from your own desk 
with the B&L Tri-Simplex* Micro-projector. 


The Tri-Simplex* lets you point out important 
details to the entire group at once. Students know 
exactly what to look for when using their own 
microscopes. They understand better; you get 


your point across faster. 


Like to have a good look for yourself? Ask for 
a laboratory demonstration or write for 
Catalog E-248. No obligation, of course. 
Bausch & Lomb Incorporated, 82910 

Bausch Street, Rochester 2, N. Y. 


Trademark, Bausch & Lomb Incorporated 


BAUSCH 6 LOMB 
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Bio - Buy - Lines 


Have you placed your classroom order for BIO- 
LOGICAL CROSSWORD PUZZLES? Over 5000 
have found them interesting and informative. 
Three distinct sets, fifty cents each, prepaid if 
check accompanies order. S. M. Cyprian, 118 N. 
Central Ave., Chicago 44, 


MICROBIOLOGY 
Source Data Information on all phenomena. Ma- 
ture single-purpose films presenting the most 


significant microbiological phenomena disclosed 
in living organisms by the Nobel winning 
Phase-Contrast method. 

Write for descriptive folders 


ARTHUR T. BRICE 


Phase films Sonoma, California 


RUSSIAN HIGH-SCHOOL 
SCIENCE EXAMINATIONS 


Send for fascinating translation of actual 
Soviet tenth year final examinations in physics, 
chemistry, algebra, geometry. With it you get 
—also free—detailed guide for applying Title 
III funds (National Defense Education Act) 
to purchase of classroom science materials; 
plus illustrated catalog of tested, educator- 
approved science-teaching aids for all age 
groups, produced exclusively by 
SCIENCE MATERIALS CENTER, Dept. M-!33 
A Division of The Library of Science 
59 FOURTH AVENUE, NEW YORK 3, N. Y. 


children, and to teachers and counselors who need 
to reassure many children about their growth. 


Biology teachers may find some project ideas 

here, but they should primarily find the book an 

interesting source of hard to find data on the 

physical growth of adolescents. 


P.K. 


THe SENSE OF SMELL, Roy Bedichek, 264 
Doubleday & Company, Inc., Garden 
City. New York, 1960. 


\ naturalist’s point of view of one of the or- 
ganism’s amazing senses. It is chock full of un- 
usual and interesting information culled from a 
variety of sources starting with ancient literature. 
Some unit headings will give some idea of the 
book Impact on the Emotions; The Nose of Pre- 
judice; Nature’s Noses; and The Mechanism. An 
interesting book for the school library. 


S305 


P.K. 


To Serve 


The Busy Biologist 
The Cooperative Advertiser 


Recognizing the pressure of your duties and 
knowing your interest in the products. that our 
advertisers have to offer in the field of biology, 
you need only put checks on the squares below, 
sign the coupon and mail it to Muriel Beuschlein, 


6431 S. Richmond St., Chicago 29, Illinois. 


November, 1960 


Allyn and Bacon 
American Optical 
Armstrong Associates 
Barnes and Noble 
Bausch and Lomb 
Bausch and Lomb 


literature 
brochure 
brochure 
literature 
catalog E-248 
catalog D-1079 


Biological Research catalog 
Carolina Biological catalog 
Columbia University Press literature 
Connecticut Valley catalog 


Contemporary Films 
Denoyer-Geppert 
Difco Laboratories 
Edison Scott 
Edmund Scientific 
Elgeet Optical 


General Biological 


Graf-Apsco 

Harvard Apparatus 
Henry Holt 

Charles Lane 

National Biological 

A. J. Nystrom and Co. 
W. B. Saunders 

Science Materials Center 
Scientific Products 
Swift Instruments 
Triarch Products 
Unitron 

D. Van Nostrand 
Visual Sciences 

Ward’s Natural Science 
Welch Scientific 


(Please Print) 


Schoo! Address 
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literature 
free folder 
catalog 608-AB 
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J Modular Scientific 
New. BIOLOGY UNITS 


With these most used features built in - - - 


2 AQUARIUM UNITS — 2 SMALL ANIMAL CAGES — 


TERRARIUM UNIT — SPECIMEN & EQUIPMENT UNITS. 


This totally new concept—the ESSCO “MODULAR SCIENTIFIC” unit for live 
biological display is tommorow’s classroom aid today. It provides the teacher and 
students new and novel facilities that open vistas limited only by imagination, 
and the beauty, intricacy and array of nature itself—and with maximum pro- 
tection and convenience. With this single unit you can plan complete, compact 
ind esthetic arrangements,—aquariums, vivariums, terrariums and cages. Easy 


to install or move. 


SPEC I} IC ATIONS 6’ long 3” high ] 13’ deep. Welded glee angle Rustpiro r aquda- 
marine finish. Chrome steel hardware. Tops are unbreakabl lear plastic. Separate controls 
for water and drains Tank pate ls 4” plate glass ( hoi e OF bir ht ov oak fin sh Plu nbing con- 


nections either through floor or back. $350.00 F.O.B. Boyd, Wi 


Write for New Complete 1960 Catalog Illustrating 


Biological Specimens — Live & Preserved — For Your Every Need. 


EDISON SCOTT SQUIRE CO., INC. 


BOYD, WISCONSIN 
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